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A finite element program based on both 2- ai)d 3-dimensional element 
models is developed to simulate the Brazilian test.    Rock isotropy, non- 
homogeneiiy, and anisotropy are tatcen into account in the analysis.   The pro- 
gram has two failure criteria options:   the old criteflon described in the semi- 
annual report and a new criterion in which the elastic modulus across tension 
cracks is reduced to zero.    Tests runs have shown that the new failure criterion 
yields far more realistic load-displacement and load-strain curves. 

A new equation solving procedure, the sparse matrix technique, is 
used in the program making possible the solution of certain problems which 
could not be handled by the banded matrix technique because of computer 
storage limitations.   To demonstrate the capabilities of the program, several" 
test problems were run.   The results are shown in Chapter 2 of this report. 
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PREFACE 

This report covers the second year accomplishments in the research pro- 
gram entitled,  "Mechanical Behavior of Rock Under Static Loading,"   R.W. 
Heins, Co-Principal Investigator.   The program is Part A of the project entitled, 
"Aspects of Mechanical Behavior of Rock Under Static and Cyclic Loading" 
(Contract No. H0220041).   Part B of the project is published in a separate volume 
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SUMMARY 

ASPECTS Of MECHANICAL BEHK^IOUR OF ROCK UNDER STATIC LOADING 

PART A 

Summary of Year's Work 

Brazilian tests were carried out on dacite, Valder's limestone, and 

St. Cloud gray granodiorite to determine size effect on tensile strength. 

Curves showing variation of tensile strength with specimen dimensions and 

other findings constitute Chapter 1 ot the semi-annual technical progress 

report      . 

In connection with the theoretical phase of the investigation, a 2- 

dimenslonal computer program which simulates the Brazilian test is developed. 

The program is based upon isoparametric finite elements which may be either 

Isotropie or non-homogeneous and a failure criterion in which a fixed percent- 

age of the stiffnesses of the failed elements is subtracted from the total stiff- 

ness during each loading cycle.    The complete program listing and the results 

Of several computer runs are part of the semi-annual report(1). 

A second program is presented in this report.   The program employs 

2- and 3-dimensional isoparametric elements which exhibit anisotropy as 

well as isotropy and non-homogeneity.   Two failure criteria are used:   the 

old criterion described in the preceding paragraph and a new criterion in which 

the elastic modulus across tension cracks is reduced to zero.    Based on tow 

test runs made, the new failure criterion yields considerably superior and 

more realistic load-displacement and load-strain curves. 

To demonstrate the capabilities of the program, several problems were 

run and the results are shown in Chapter 2.    The use of a new equation solver, 

the sparse matrix technique, permitted the solution of certain problems which 

could not be handled by the banded matrix technique because of the bandwidth 

limitation. 
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CHAPTER   1 

PROGRAMMING ROUTINES 

1. 1   Introduction 

A finite element program for the prediction of rock fracture charac- 

teristics in Brazilian tests is presented herein. The program has all the 

capabilities of the previous 2-dimensional program (1) plus the following: 

1. Availability of both 2- and 3-dimensional elements 
with Isotropie, anisotropic, or non-homogeneous 
material property. 

2. A failure criterion in which the elastic modulus 
across tension cracks is reduced to zero. 

3. An equation solver in which only the non-zero elements 
of the stiffness matrix are involved in the elimination 
and back-substitution processes. 

4. A nodal reordering scheme. 

The theoretical considerations upon which the program is based 

have already been discussed in the semi-annual report (1) and are not re- 

peated here.   The program's major routines are described in the following 

sections. 

1.2   Nodal Reordering 

Among the different mathematical undertakings encountered in a finite 

clement program, the solution of the governing linear equilibrium equations 

determines to a large extent the effectiveness of the program.   When the 

first finite element programs were developed only small-size systems could 

be treated because of limited memory space for the storage of the global 
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stiffness matrix.   With the introduction of external storage disks, it be- 

came possible to store only a small part of the stiffness matrix in com- 

puter memory at a time, the balance being in the disk, permitting the solu- 

tion of considerably larger systems.   The most widely used disk-aided 

equation solving procedure is the banded matrix technique developed in 

1965 by i;.L. Wilson of the University of California.   Wilson's method 

takes advantage of the banded property of the stiffness matrix resulting in 

savings in execution time and storage requirement.   Its only limitation is 

in the width of the band.    Unfortunately, the maximum bandwidth that most 

digital computers allow is net large enough in many practical situations. 

In the context of the present research,  such situations arise when the whole 

circular face of the Brazilian test specimen is considered in the cinalysis 

and/o   when 3-dimensional problems are treated.   In both of these cases, 

because of the closed geometry of the finite element mesh and the high 

nodal connectivity of the 3-dimensional elements, a low-numbered node be- 

comes connected to a high-numbered node resulting in prohibitively large 

bandwidths.   Nodal reordering schemes have been developed to minimize 

the bandwidth.   The effectiveness of such schemes, however, is very limited. 

An equation solver which stores and processes only the non-zero 

elements of the stiffness matrix is employed in the present program.   To 

minimize the number of non-zero elements created during the elimination 

process, a reordering of the nodes is undertaken.   The reordering concept 

used is based upon one described by Jensen and Parks (2).   The complete re- 

ordering flow chart is shown in Figure 1.3.   To start with, the nodes are as- 

signed numbers in the manner shown in Figures 1.1 and 1.2.   This allows for 

the automatic generation, within the program, of the nodes and their con- 

nections.   The reordering of the nodes then starts.   At each stage of the re- 

ordering process, the branch table of the last node (JL0C) entered in the 

MM mma*m—*m^m — ■ 
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I'igure 1.1.   S'.andani Schomo £or Numbering Nodes and 
Elements of Two-dimensional Disc. 
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Figure 1.2   Numbering Scheme for Nodes in Three-dimensional Mesh 
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(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

©■ 

©■ 

Generate nodes connected U  node i 
and storo them in the branch table 
of i (ith column of matrix [USD] ). 

Set NBRC(i) equal to the 
total number of nodes 
connected to i. 

i-i+1 

NTNN^total number of nodes 
in finite element mesh, 

i=0 

I 
Search for the node JI,0CT which has 
the least non-negative NBRC value, i.e., 
NBRC(.)L0CT)=non-negative minimum. 

I 
Set JL0C-JL0CT & JL0CT=O 

I 
l-l+l 

Set N0ER(JL0C)=i & NM-NBRC(JL0C) 

Yes -0 
Write mUtl£D{ktJl0C),k*lt NM) in 
external storage unit //  11. 

Figure 1.3.     Flow Chart of Nodal Reordering Routine. 
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J=l 

(7) 0- Set KL0OLSD{j,JL0C) 

(8) 

(9) 

(10) 

Eliminate JL0C trom branch 
table of KL0C. 

[Decrement NßKC(KL0C) by oneTl 

Store into the branch table of KL0C all nodes 
in the branch table of JL0C (except KL0C) not 
already in the former. 

(11) 

(12) 

(13) 

Increment NBRC(ICL0C) by the total 
number of nodes so stored. 

No 

Set NM=NBRC(KL0C) & JL0CT-KL0C, 

No j=j + l MS 
Set NBRC(JL0C)-NBRC(]L0C) 

Figure 1.3   Continued. 
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(14) Set LA1 = LSD(1,JL0C) & N0ER(LA1)-NTNN 

1 
(15) Rewind external storage unit H 11. 

1 
J-0 

(16) 

(17) 

(18) 

(19) 

Read (NM. lAfc), k«l( NM] from 
external storage unit | 11, 

j=j + l 

k«l 

Set LAK«LA(k) 

Set L0C(i4k)«N0teR(IAK] 

No 
k-k+1 

Yes 

i=i+l+NM 

Set L0C(iH 

No 

und 

Figure 1,3    Continued. 
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reordering array* is scanned for the node with the fewest number of 

connections.   If such node has equal or fewer connections than JL0C, 

then it is placed into the next available space of the reordering array. 

Otherwise, the node with the fewest numoer of connections from among 

those which remain to be renumbered is placed into the next available 

space of the reordering array.   The process is repeated until all nodes 

have been renumbered.   Whenever more than one node satisfy the afore- 

mentioned conditions, the node with the lowest number is selected.   An 

example of the effect of rrordcriny is illustrated in Figures 1.4 and 1.5. 

In Figure 1.4c no reordering is undertaken and 18 non-zero elements 

(represented by the letter c) are created during the eliminaaon process. 

In the reordered version. Figure 1.5c, only 11 such elements are Ic.med. 

The effect of reordering becomes even more significant in large systems 

where a high percentage of the non-zero elements are created during 

elimination. 

The removal of JL0C from the branch tables of the nodes connected 

to it (Step 8 of flow chart) is equivalent to the elimination of non-zero ele- 

ments located directly below the diagonal element in the row of JLjÖC.   Nodes 

added to the same branch tables (Step 10) on the other hand, represent the 

non-zero elements created as a result of the activity in Step 8.   Steps 8 

and  10 make up the pseudo-elimination process which is an essential part 

of the reordering routine.   The final contents of the branch tables represent 

the off-diagonal non-zero elements of the upper triangular form of the stiff- 

ness matrix.   The location of these elements has to be defined before the 

actual elimination can be carried out. 

Two arrays are needed to locate a non-zero element.   These are NR0W, 

generated for convenience during the actual elimination process (Figure 1.6), 

* NRE0 in which NRi:0(i)   gives the original number of the node assigned 
the new number i. 
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and LJÖC, generated in the reordering routine.   NR0W(j) gives the number 

assigned to the first off-diagonal non-zero element in row j.   L0C(i) gives 

the column location of the ith non-zero element.   Thus the kth non-zero 

element would be located in column L0C(k) and in row m where NR0W(m) < 

k < NR<2w(m+l).    Sequential numbers, starting with one, are used to identify 

the .ion-zero elements.   The numbering proceeds in the row-wise direction 

with the off-diagonal elements in a row nunbered ahead of the diagonal ele- 

ment.   The following tables, used to locate the non-zero elements in 

Figure 1.5c,  serve to clarify the idea presented in this paragraph.   The ar- 

rows point to the diagonal elements. 

.00 0) 

1 
L0C(J) 

1 

I 1 I 
10 1       6     12     15 II     13 8     14     16 

17 18     19     20    21     22 
9     10     15 

23     24     25     26     27    28     29     30     31 
10     12     15       6 10     11     13 

32     33     34 
L0CÜ)     12     14     15 

I * 
?5     36     37     38     39    40    41    42 
16      8     10     11     12     13     15       9 

I 
j 43    44     45     46    47    48    49    50    51     52     53    54 

L0C(j)     11     12     13     15     16     10     12     13     14     15     16     11 

 j 55     56    57    58    59    60     61     62     63     64     65     66     67     68     69 
L0C(j)     13     14     15     16     12     14     15     16     13     15     16     14     16     15     16 

* 
10     11     12     13     14     15     16 

i 1 
NROW(i)    1 

10     11     12     13     14     15 
13     17    22     27     32     37    43    49    55     60     64     67 

Table 1.1    Locator Arrays for Non-zero Elements of Figure 1.5c 

1.3   Gaussian Elimination 

In the discussion in the preceding section, it should be noted that a 

"non-zero element" is actually a submatrix whose order is equal to the 

MMGMti ummm MUMM.. It 
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number of degrees of freedom specified at a node and a "row" are actually 

rows occupied by the submatrices.   Hereafter, these expressions shall 

convey the same meanings.   Thus, a "non-zero element" is either a 2x2 

submatrix (2-dimensional cases) or a 3x3 submatrix (3-dimensional cases). 

Similarly, the "nth row" of the stiffness matrix would be taken to mean the 

nth 2 rows or the nth 3 rows of the matrix. 

The flow chart of the Gaussian elimination routine is shown in 

Figure 1.6.   In Step 3, only the non-zero elements on and to the right of 

the diagcnal need be stored in [ s]   because of symmetry.   The elements are 

stored in the same order that they would appear in the stiffness matrix with 

enough spaces reserved for the non-zero elements which will be created 

later on during the elimination process.   Using Figure 1.5c again as on ex- 

ample,  [SJ would appear as follows during the storage of the different rows 

of the stiffness matrix: 

Row 1: 

'11     "12     ö13     'M       15     "16     S17     S18 

;21     S22     S23     S24     S25     ^26     S27     S28 

Row 6: 

Sll     S12     0     0     s15     S16     S17     S18     S19     »1,10 

S21     S22      0     0    S25     S26     S27     S28     S29     S2,10 

r 

Row 9: 

Sll  s12  0  0 0  0 sl7     s18  0  0 

S21  s22  0  0  0 0  S27  s28  0  0 

mm MMMMta  ilWiM—Mi ■ .!■      1111  I!'    "  '   "  ^1 



13 

Row 16: 

Sll     S12 

S21     S22 

in which the spaces marked    s ..are occupied by the x elements while 

those marked 0 (zero) are reserved for the c elements. 

After the formation of any row, say i, the process of eliminating all 

non-zero elements in the row located to the left of the diagonal immediately 

follows.   Had the entire upper triingular half of the stiffness matrix been 

considered in the elimination procedure, these elements would Le simply the 

"mirror image" of the elements lying on the ith column of the preceding rows. 

Since this is not the case, a method for locating the aforementioned elements 

has to be devised.   This is accomplished by introducing the spotter array 

NSPT.   The spotter array keeps track, for each row, of the element in that 

row whose "mirror image" is next in line for elimination.   Because of the 

row-wise direction of the elimination procedure, the order in which the ele- 

ments of any particular row are used in the elimination process proceeds from 

left  to right; that is, the "mirror image" of the left-most element is eliminated 

first and that of the right-most element is eliminated last.   Thus, at the start 

of the elimination process NSPT(j) = NR<2w(j) for any row j and after each elim- 

ination the NSPT value of the affected rows is incremented by one.   NR0W(j) 

is defined on page 11.   The procedure discussed in this paragraph corresponds 

to Steps 4 through 6 of the flow chart shown in Figure 1.6. 

It should be noted that after elimnation of a row, the elements in that 

row are stored in the next available space in tape or drum #10.   Normalization 

of an element (pre-multiplication of the element by the inverse of the diagonal 

- — - ■' — 
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(D © 

NTNN=total number of nodes 
in finite element mesh. 

(2) 
i. 

Set NROW(i)=NZ+l & NSPT(i)=NROW(i) 

NZ=NZ+I+NN 

NN = total number of non-zero 
elements in row of node i, 

(3) Build rows of stiffness matrix corresponding to 
node i and store in appropriate locations of the 
matrix [S] which is composed of the submatrices 
8^,52/ ,8^1^ + 1.   The submatrix 8^ lies in 
the main diagonal. 

Figure 1.6.    Flow Chart of Gaussian Elimination Routine 

   



(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 
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© 

Read as matrix [A] the off-diagonal submatrices 
and as matrix [B] the inverse of the diagonal 
submatrix in the presently readable file of 
external storage unit /' 10. 

Yes L0C(k) gives the column 
location of the kth non-zero 
element in the stiffness matrix. 

Set NSPT(j)^NSPT(j)-n| 
3 

Compute the matrix product A^ [B]  in 

which Ak is the submatrix of  [A]  located 

in the ith column of the stiffness matrix 

*   
.T Compute the matrix product AMB]   [A A      A 

and substract eacn suL.-.^rix of the product from cor- 

responding submatrices in [S] . 

SetAk- (Ak[B]  )T 

I 
Backspace external storage unit // 10 and rewrite 
the matrices [A] and [B] . -© 

figure 1.6    Continued. 
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(11)0-^ Write in next available space in external storage 
unit | 10 the matrix [S] in the following orde'-: 
S2's3 SNN+1/S'l« 

find 

^-^® 

Figure 1.6    Continued, 
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element) takes place only when the element is no longer needed in the 

elimination process (Step 9).   The actual row operations carried out during 

the elimination process are represented by Step 8. 

2.4   Determination of Principal Stresses in Three Dimensions 

It has been determined in Reference 3 that the principal stresses in a 

3-dimensional solid are the roots of the cubic equation 

F(S)   -   S3^2   +   a2S-a3=   0 ^ 

in which 

a,   =   o   + (.)    + o 
1 r       0       z 

2 2 2 
i«  ■  o o^ -t- o^d   + o ü 

rz 2 r  0       9  z       n z       r 9z        'r0 

2 2 9 
3-    =     0  0^0     +2-r-T„T -     OT -OT        -     a   -r 

3 r 9 z       T9zrr9Trz rT9z        9Trz zTr9 

The graph of F(S), with the maxima, minima, and inflection points indicated, 

is shown in Figure 1.7, 

Applying the Newton-Raphson method, the roots of equation (1.1) can 

be evaluated by means of the iteration formula 

F(sn) 
Sn+l   =  Sn   -     TTTT (1.2) n+1 n F'fs  ) 

n 

in which 

F'fS)   ■   ~- =   3S2 - 2a1S + a0 dS 12 

n = 0,   1,  2,     

S     ■  approximation of root value at nth iteration 

-^Mt**1"*-^^-"- - ■   — — - - --^—»——»—■ 
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Setting So       —    (that is, starting the iteration at the inflection point I), 

equation (1.2) will yield the value of the middle root R   .   With R   known, 

equation (1.1) may be rewritten as 

F(S)   =   (S-R2)Q(S)   ■   0 (1.3) 

in which Q(S) is a quadratic polynomial whose roots are the two remaining 

roots of equation (1.1).   0(S) may be conveniently written as 

18 

Q(S)   =   S     + b^ + b2 (1.4) 

in which (4) 

b,   -  R2-a1 

b2   '   R2bl + a2 

Thus the two remaining roots are 

Ri ■ 
-Vvtf 4b, 

-b. +yj 4b, 
R, (1.5) 

The direction cosines 1     m     n  of the principal stresses are ob- 
■ 1/1 

tained from the equations 

^i-'V^i"   ^rG^-^^i   =   0 

"Trtli + (Ri- 0e)mi-   ^tti = 0 

I      IIII1MI i itm   i   
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I 
I 

T       1.   -   To   m-     +     (R-   -      0   )nJ     "    0 rz i        Oz   i i z   i 

taking into account the relationship 

(1.6) 

,222, 
1.   +   m    +   n.     =     I 
ill (1.7) 

mmm i«n ■MWinlMill—HiH !■■■■ i     !■    likmM n 
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Figure 1.7.    Graphical Representation of Cubic Polynomial (Eq. 1.1). 
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CHAPTER   2 

NUMLRICAL EXAMPLES 

2.1   Introduction 

To demonstrate the capabilities of the program,  several cylinders 

exhibiting all three rock properties considered in the program are analyzed. 

Unfortunately, it is not possible to compare the results,  particularly with 

respect to the three-dimensional, anisotropic, and non-homogeneous casej, 

with any existing alternative solution,  so relatively coarse meshes are 

used to save on computer expense which guite prohibitive in most cases. 

Isotropie problems are run mainly to compare the load-displacement and 

load-strain curves obtained by the two failure criteria used in the program. 

In the new failure criterion, the stiffness matrix of the elements that failed 

is revised by reducing to zero the elastic modulus across tension cracks 

when failure is in tension or by removing a fixed percentage (specified by 

program user) of said matrix when the failure is in compression or shear. 

In the old failure criterion (used in semi-annual report) , the    stiffness matrix 

of the failed elements is reduced by a fixed percentage regardless of whether 

tensile, compressive or shearing failure occurs.   One shortcoming of the old 

criterion is the unrealistic shape of the resulting load-strain curves and, to 

a certain extent, load-displacement curves. 

In anisotropic discs and cylinders the allowable stresses at a point 

vary with direction making the determination of the load factor (critical ratio 

of actual stress to allowable stress) of an element quite involved, one re- 

quiring time-consuming trial-and-error procedure.   Because of this, a simplify- 

ing assumption is made in the program in which the critical direction is con- 

sidered to coincide with one of the principal stresses as in the case of Iso- 

tropie discs and cylinders.   This assumption makes it necessary only to 

mm ■MMMMkHMi 
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determino the allowable stress in the direction of the critical principal 

stress to obtain the element load factor.   In the program the allowable 

stresses at a point are assumed to var/ as an ellipsoidal surface with the 

principal axes coinciding with the directions of anistropy. 

Considerable effort was expended to check each individual subroutine 

of the. program by long hand calculation.   As part of the debugging process, 

it was also decided to rerun th ^ Isotropie problem presented as Problem 2 

in the semi-annual report.   The results were in close agreement with those 

obtained by the previous program. 

All the cylinders treated herein possess the following dimensions: 

Diameter   =   3 inches 

Length        ■   1 inch 

"Vertical displacement" refers to the average displacement of the loaded 

nodes in the direction of the load while "horizontal strain" refers to the 

strain at the central point of the disc or cylinder measured normal to the 

loaded plane. 

miummmmmtmm n i ■■ —iwi i IBII -*-       -■■ -        ■   - 
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2 .2   Two-dimensional Anisotropie Problem 

Elastic Moduli: 

E.    ■   3,000.000    psi 

E2     ■   5,700,000    psi 

Allowable Compressive Stresses: 

C      -   15,000    psi 

C2    -   27,000    psi 

Allow. Tension   ■    .05 of Allow. Compression 

Allow. Shear  ■        .10 of Allow. Compression 

Poisson's Ratio   =   .25 

Shear Modulus   ■   1,600,000. psi 

Finite Element Mesh    (Whole Disc): 

5 radial divisions 
16 circumferential divisions 

Directions of anisotropy are indicated in Figure 2.1. 

2.3   Two-dimension Isotropie Problem (Old Failure Criterion) 

Elastic Modulus   ■   5 , 700, 000. psi 

Allow. Compressive Stress   =   27,000. psi 

Allow. Tensj  a   =   .05 of Allow. Compression 

Allow. Shear   =   . 10 ol Allow. Compression 

Poisson's Ratio   ■   .25 

Finite Element Mesh (Disc Quadrant): 

6 radial divisions 
9 circumferential divisions 

Stiffness matrices of [ailed elements are reduced 90% 

1111  ■  ■       ■   -■ 
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1 Axes of Anisotropy 

* Failed in shear. 
The rest failed in tension. 

Figure 2.1   Progression of Failure in Problem 2.2 
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8, 
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9    J. 
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6 

5 

4 

3 

2 

1 

0 

Vertical Displacement,  10~3 Inch 

A 1 1 1 1 1 H- 
0       .1     .2     .3     .4      .5     .6 

Horizontal Strain,  10"     Inch/inch 

Figure 2.2   Load-Displacement-Strain Curves (Problem 2.2) 
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♦Failed in shear.   Rest failed in tension. 
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Figure ^.3.     Progression of Failure in Problem 2.3. 
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(0 o a 
u 

500 

5 10 

Vertical Displacement, 10~4 inch 

Horizontal Strain, 10"5 inch/inch 

Figure 2.4.    Load-Displacement-Strain Curves (Problem 2.3) 
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2.4 Two-dimensional Isotropie Problem (New Failure Criterion) 

Data are the same as Problem 2.3. Stiffness matrices of elements failing 
in compression or shear are reduced 90%. Elastic moduli across tension cracks 
are reduced to zero. 

2.5 Three-dimensional Isotropie Problem (Old Failure Criterion) 

Elastic Modulus   =  5, 700, 00Ü. psi 

Allow. Compressive Stress   =   27,000. psi 

Allow. Tension   =   .05 of Allow. Compression 

Allow. Shear   ■   9.00 of Allow. Compression 

Poisson's Ratio   =   .25 

Finite Element Mesh (Cylinder Quadrant): 

5 radial divisions 
6 circumferential divisions 
2 axial (Z-axis) divisions 

Because of symmetry only half the length of cylinder is considered 
in analysis.   Stiffness matrices of failed elements are reduced 90%. 

2.6 Three-dimensional Isotropie Problem (New Failure Criterion) 

Data are the same as Problem 2.5.   Stiffness matrices of elements 
failing in compression or shear are reduced 90%.   Elastic moduli across ten- 
sion cracks are reduced to zero. 
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I 

*Failed In shear.   Rest failed in tension. 

Figure 2.5.     Progression of Failure in Problem 2.4 
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-4 Vertical Displacement, 10     Inch 

Horizontal Strain,  10~   inch/inch 
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Figure 2.6.    Load-Displacement-Strain Curves (Problem 2.4) 
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Note:   All elements failed in tension. 

Figure 2.7.     Progression of Failure in Problem 2.5 
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s 
5 

• Strain 
•—   Displacement 

0 12 3 
Vertical Displacement,  10~4 inch 

h H 1 1 1 1 1- » 1 » 
1       2       3       4        5       6       7       8      9 

Horizontal Strain,  lO-5 inch/inch 

Figure 2.8.   Load-Displacement-Strain Curves (Problem 2.5). 
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1 

Note:   All elements failed in tension 

Figure 2.9.    Progression of Failure in Problem 2.6. 
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1000 •- 

o 

X) 

T3 

(0 
Ü 

Ü 

500 "■ 

I 

-4 Vertical Displacement,  10      inch 

| • 1 1 1 1 1 1 »- 

01234        5678 

Horizontal Strain, 10 0 Inch/inch 

Figure 2.10.    Load-Displacement-Strain Curves (Problem 2.6). 
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2.7   ThroG-dlmensional Anisotropie Problem 

Elastic Moduli: 

B. ■ 3.000,000. psi 

E = 5,700,000. psi 

E3    =    5,700,000. psi 

Allow. Compressive Stresses: 

C.     =     15,000. psi 

C-    =    27,000. psi 

C       =    27,000. psi 

.05 of Allow. Compression 

10 of Allow. Compression 

Allow. Tension 

Allow. Shear    = 

Poisson's Ratios: 

\ix    =     .25 

/i2     ■     .23 

^3    =     ** 

Shear Moduli: 

Gj = 1,600 OOOpsi 

G = 2,800,000 psi 

G-    =    2,800,000 psi 

Finite Element Mesh (Whole Cylinder): 

3 radial divisions 
8 circumferential divisions 
2 axial (Z-axis) divisions 

Directions of anisotropy are indicated in Figure 2.11. 
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Note: 
F 
FB 

Front element failed. 
Both front and back elements 
failed. 

<*„ = 10c 

a3=   o° 

Directions of Anisotropy 

Figure 2.11.     Progression of Failure in Problem 2.7. 
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/   /Displacement 

Vertical Displacement,  10     Inch 

h 1 1 1 1 
0       12       3       4 

Horizontal Strain,  10     Inch/inch 

Figure 2.12.     Load-Displacement-Strain Curves (Problem 2.7) 
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2.8  Three-dimensional Non-homogeneous Problem 

Elastic Modulus    ■    5,500,000 to 6,500.000 psi 

Allow. Compressive Stress    =    22,000 to 32,000 psi 

Allow. Tension    ■    .05 of Allow. Compression 

Allow. Shear    =    . 10 of Allow. Compression 

Poisson's Ratio    =    .23 to .25 

Finite Element Mesh (Whole Cylinder): 

3 radial divisions 
8 circumferential divisions 
2 axial divisions 

^•MMH 
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Note: 
F   =  Front element failed. 
B  =   Back element failed. 

t 

Figure 2.13.    Progression of Failure in Problem 2.8. 
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Vertical Displacement, 10     inch 
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Horizontal Strain, 10-5 inch/inch 

Figure 2.14,    Load-Displacement-Strain Curves (Problem 2.8) 
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2 .9   Discussion of Results and Conclusion 

It is difficult to verify explicitly the theoretical correctness of the 

present solution due to lack of an alternative solution to compare the re- 

sults with.   To compensate for this situation, extensive long-hand checks 

were undertaken on the Individual routines that make up the program.   The 

results, on the whole, are fairly reasonable and seem to indicate the cor- 

rectness of the whole program and the theory upon which it is based. 

The unrealistic failure shown in Fig. 2.1 could be attributed to the 

following: 

1) Coarseness of the finite element mesh. 

2) The simplifying assumption used in anisotropic cases (second 
paragraph of section 2.1) that the critical direction is neces- 
sarily along one of the principal stresses. 

Item 1) above could also be the cause of the unrealistic failure patterns 

shown in Figs. 2.3 and 2.5.   It should be noted that although the meshes 

shown in these figures appear to be relatively fine, they are actually approxi- 

mately six times coarser than the mesh of Problems two and three of the semi- 

annual report (see page 49 of same report).   Unrealistic failure pattern were 

also observed during the debugging of the previous two-dimensional program 

when coarse meshes were used. 

Problems 2.3 through 2.6 were run to determine the relative merits of 

the two failure criteria used In the program.   There is no significant dif- 

ference between the two as far as the failure patterns are concerned.   The 

displacement and strain curves, however, differ considerably particularly 

in the coarser three-dimensional mesh (see Figures 2.8 and 2.10).   The new 

failure criterion seems to yield consistently definable curves while the old 

criterion does not.   Thus although the failure patterns are unrealistic, the 

plots show a much better relationship between load and strain and load and 

displacement. 

m 
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Table 2.1 shows the results of the nodal reordering carried out in 

connection with Problem 2.7.   It took no more than 30 seconds to complete 

the whole reordering process. 

Table 2.2 gives some Information concerning the sizes of the test 

problems described in this chapter.   The maximum number of nodes and 

non-zero elements of the stiffness matrix that the program can handle are 

indicated in Table 2.3.   These limits may still be increased depending on 

the computer used. 

All mathematical operations in the program are carried out in single 

precision.   It may be necessary to resort to double precision to reduce 

rounding-off errors. 
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Table 2.2   Test Problems Comparison 

Problem Number 
of Nodes Dimension Execution 

Time (min.) 
Number of 

Load Cycles 
% of Non-zero 

Elements 

2.2 96 2 3.10 6 12.27 

2.3 70 2 1.55 7 11.20 

2.4 70 2 1.55 7 11.20 

2.5 84 3 5.60 6 15.56 

2.6 84 3 5.91 6 15.56 

2.7 96 3 9.00 2 21.09 

2.8 96 3 15.00 5 21.09 

Table 2.3   Program Limits 

No. of Nodes 

No. of Finite Elements 

No. of Non-zero Elements in 
Stiffness Matrix 

2-Dim 

500 

480 

25,000 

3-Dim 

250 

480 

25,000 
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APPENDIX  A 

PROGRAM LISTING 

The program listed in the following pages is written in Fortran V 

language for use specifically in the UNIVAC 1108 Computer located at the 

University of Wisconsin - Madison campus.   It requires six external storage 

units (either tape or drum) which are assigned the numbers 10,  11,  12,  13, 

14, and 15.   The contents of the files written in units 10 and 12 continually 

undergo changes during a program run making it necessary for these particu- 

lar units to posses random access capabilities. 

In addition to the subroutines listed, two other subroutines, 

RANITN(R) and RANUNS(N), are called in the program during execution of non- 

homogeneous problems.   RANUN(R) generates pseudo-random numbers as- 

suming a statistically uniform distribution while RANUNS(N) sets to N the 

starting point of the random number generator; N is supplied by the user. 

Both subroutines were developed by the Madison Academic Computing Center 

(MACC) and are part of the MACC Random Number Routine package. 

Except for the replacement of RANUN(R) and RANUNS(N), there should 

be no difficulty in making this program adaptable to other computer systems. 

am 
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_1DI 
III 
12t 
II« 
IH, 
It« 

 U. 
17. 
Ut 
|f« 
20. 
21. 
22. 
23. 
2M. 
2S. 
2ä. 
27. 
29« 
29. 
90. 
31. 
32. 
33. 

__J*. 
3S. 
3A. 
37. 
3«. 
39, 

. . Sfli 
«t« 
H2. 
u« 
1<ti 
dl* 
••*. 
'«7. 
*♦«. 
•*9, 
10. 
11. 
12. 
13. 
5H, 
Sl. 

c 
c 

MAIN   ^RCÖRAM 

C 
c 
c 
c 

c 
c 

COMHOK/rUNKY/NBRCjiOO? , 
:OHhON/{»UTH/LOC(25000) , 
COMMON/JNrER/NR.NS.NZ.N 
C0MM0N/TANA1/R0,»5,T0,T 
C0MM0N/l.ErTE/RC(30> •?£( 
COMMON/B6AND/C(l|6),B(6 
COMM0N/SANNA/l*D(1«0|3) , 
CONMON/äBALN/0(3.400) 
COMMON/NANAY/CR(3,3)«NN 
COMMON/jANtT/NSPD.NWSOi 
COMM0N/B0»AP/NL00(100) , 
COMMON/TATAY/UO.ALFI.A 

i ii,a?,Gi 
DIMENSION BRC(IOO)iCRTt 
|LAC(2I000)tNM(3),NüDta) 
2SL(2<(l2«(),SLD(2<i|24) ,ST 
CQUIVALENCC (Dd.SOD.S 
DATA VV/iCOMFRt»i»TENSI 
DATA ii/«HlON«,»N».»Na 
DATA (Cd.IltlMliBJ/l»» 
DATA (C(2,n ,!•! ,8)/-l . 

DATA (C(3.|l*l'Ui)/«>U 
DATA (C(«<,H,l-l,8)/|,l 

DATA (C(I,I)|I«1|B)/*1. 
DATA (ClA.l),1-1 ,8)/i , , 

DATA (CJ 7 aJiitl^tl )/!«♦ 
DATA (CIS,: ) (m ,fl)/-j . 
READ IN DATA 
ISO ■ -1 , HOMOGENEOUS 
ISO ■  0 i NONMOMOQENCO 
ISO •  | , H0M05ENE0US 
NWOP • 0 T »Ottfli tt» a 
NiOR ■ I , WHOLE DISC I 

NZ-0 FOR 2.DIMENSI0NAL 
READ lOOiISO.NR.NS.NZ.N 
«EAO 102«TCRT|SCRT.CMl, 
READ 10M,R0SM,TRN,0IA .H 

«tAO lQfl^NlTl.NST2_iMSTJ 
LRM«IS0 
NIDA»ND1M-1 
IN«AP(NDIN«t)*S0 
IN(S0»I00/(NDIM-1 ! 
NR1«NR*| 
NT«Nt«MHOP 
N1|«NT*| 
NZlwNZfl 
READ   l02|(RCm»|al |NR1 
READ   102i(TC(ntI«liNSl 
If   INDIM   .EO.   2)S0   TO   3 
"CAD   102ilZCmiI«l.NZl 
RRINT 300 

NTNN»<NTM>»(NI*l)«(NR* 
NELEM«NR»NS 

NRr0(S00i .NOERISQO) 
NTNN.NA.NX.MINUM 
WOR.NDIM 
SiZS.NY.HNB 
S0).ZC(30) 

rHATI3,8> 

I 
10Q).SPD(10Q.3) 
CNLDI100)tNE.NER 

iLF2,ALP3,El»E2.E3lRl .R2.R1. 

a» 
.p 
RS 
) . 
0» 
• / 
1* 

»1 
• 1 

3) ,CSN(3,3),LA(201 
<3) tPT(3)lS(3,300) 
U)»VV(3)*lllN(3) 
(LOC.LAC) 
»tSMCARIf/ 

♦I»»l*.!>»t»»l»»|» 
1..1••I * .•!. .«I * . 1 
«.1•*■!•|«|.11•* 1• 
*ii.ist..l.i«l.tl. 
I 1 'l..l..lt.l 

1*.«1..«1*,*1..-1.,1 
• W««l«.l« »■! » t 1 »• I« 
.l.i*i..l..l.i"t.il* 

/ 
• .1 
.-1 
.-I 
• *1 
i«l 
• ■1 
.•1 

• / 
• / 
• / 
• / 
• / 
• / 
./ 

AND   ISOTROPIC 
US 
AND ANISOTRORIC 
L$C   IS  All A4. TIED  
S   ANALYZED 
PROBLEMS 
•OR.NOIM.NCTC.NER.NS! 
EH2,CSl ,CS2,PRl,PR2 
»NTeP,N«DT 
»MST2 ...        

) 
) 

1 

1) 
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S*. 
*?• 
5«. 
Rf. 
40. 
41. 
42. 
43. 
44. 
4S. 
44. 
47, 
4t. 
4f, 
70. 
71. 
71. 
73. 
7«, 
7t. 
74. 
77, 
71. 
7», 
MO. 
«i, 
• 2, 
• 3, 

»5. 
84, 
«7, 
• I, 
• ♦, 
fO, 
♦I. 
f2, 
♦J, 
Mi 
n. 
•4, 

♦«, 
M. 

100, 
101, 
102, 
109, 
10<(, 
105. 
104, 
107, 
108, 
lOf, 
HO, 
HU 
112. 

10 

14 

IF    ;NOlM   »CQ.   3)NtLEM«NtLeM»NZ 
IF    (130)4,4,8 

* 00   8    I-i .NELCM 
^on.n.cm 

i 1*0(1,3».CSl 
^»INT SOl.fMl 
'»INT 302,^»! 
'»INT 303,C51 
80 TO f 

• »CAD 104.N 
CALL »ANUNS(N) 
00 7 !«| »NCLtM 
CALL uNirKM(eM|leH2,eHS) 
CALL ÜNrf«M('8l,Fr»2lFRS) 
CALL WNlfÄHlCSl.CJI.CSS) 
'oii.n.eMs 
'0U,2»«MS 
'0(I,3)»CSS 
"INT 304,CHlieH2 
•»«INT 307,Ml,^« 
'»INT 308,CS1,CS2 
«0 TO f 

Hf!   i°2'AL,ri»AL^»A^"»C4.C2,C3,ei;f2 
»EAO   l02,t3,'l,'2,P3,(Jl,62,«3 
"INT   324,ALniALP2,ALP3 
'AL0»C1»C2 
'AL»'ALO 
AL'I-ALf 1»,017'«I32»2» 
4L'2MLP2»,0l7«»»32f25 
AL'3«ALr3»,0l7M432»28 
CS2«COS(ALF2) 
SN2«SIN(ALF2) 
CJ3«C0f(ALF3) 
SN3»S|N(ALF3) 
IF   (NDIM   ,fQ,   2160   TO   2 
FAL0«'AL0«C3 
CRT(3,|)*.SN2 
C»T{3,2)»C82»SN3 
CRT(3,3)»C52»CS3 
'»INT   30f,ei,E2«E3 
'»INT   3U5,F11F2L'3 
'»INT 311,81,62163 
"INT 3l2,Cl,C2iC3 
NB»4«(NDIM.1» 
HUmQ 

HN8«NB 
NX*NB*ND|M 
NV«(ND1H«1).3 
00   10    I-l.NY 
DO   10   J.l ,Nx 
8( liJ)«0, 
00   14   I«|,3 
00   14   J«l,8 
FMAT(l,jJ«0, 
'»INT   ao««,TC»T 
"INT   30B,SCRT 
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li, 
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U. 
IT, 
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I». 
20, 
ill 
22, 
III* 
Z* 
25, 
26, 

,27, 
28, 
2f, 
30, 
Si 
32 
33, 

,3M. 
3K. 

37, 
3B, 
Sf, 

Ifl 

l#| 

.<♦: 

no. 

it) 
.i: 

B< 
SI 
lil 
ill 
ll( 
IS1 
1*1 
1*1 
14; 

LA' 
41 

,4< 
\k\ 
41 
*• 

^RINT   313 
MINT   Sl^.OM 
^RINT   3t»,H 
»»«INT   3lflNCLEM 
«HINT    l?fl.NTNN 
«»INT IU^UIJUUJJ 

««INT 3j7,(TC(n il 
DO 1& !«2.NS1 

IS TCJI »•TC(n«.0l7«»S 
IT (NOIH tCQ» 2)C0 
««INT Slt,|t€fllil 

14 CALL NDTNO(LAC,ING 
CALL «CO«0(LAC,ING 
IF (MINJH «QTt IN« 

C     6€NE«ATc CXTCRNALL 
C HAGNITUOES OF 

I« (NSS iCQt 0)NSS 
NC«NZ*1 
NO«(NT*| )«NE*N« 
CLLD--ÜJ3. 
ir {NIKOP .fa, ncL 
CRESPO« 
NfaaNT 

XT. (N2 ,£Q, QiftO T 
00 II I«1,NZ 
Nr«Nr*NT*i 
NL00( I )«Nr«ND 

couM«tif(zeitTi)«z 
CNL0(| )«CDUM*CRES 
CRCSilCDUH 

15 CONTINUE 
CNLDINDaCRES 

If   I«   (NZ   .Co,   OKNLO 
NL0D(NE)«N0«NF*NT4 
IF    (NNO«   .NEt    HGO 
00   20   I.l.Nt 
NLOO(I*NE)»NLOO(I) 

20 CNLD(l«NE)»CNLO{I) 
NE«NE«2 

22   NLOOINE^DfO 
Nei«Ne«i 
IF   (NCI   «ESi   0)G0 
00   21   Ul.NEI 
NLI-NLOOd« 
ll«l«l 
DO   It   JuIl.NE 
NLJ«NLOD(JI 
IF   (NOER(NLJ) 
T|«Nt0D(n 
T2«CNL0(|) 
NLOO(1 ).NLOO(J» 
CNLD(I)«CNLO(J) 
NLOD(J)«T| 
CNtOIJ)«T2 
NLl»NLOD(n 

21 CONTINUE 
21   ««INT   JOCINLOOII) 

•1 »NRl » 
•l,Nf' ) 

32f2S 
TO   14 

• ttNzn 
AtLNfiQ) 
A,INGO) 
AIGO   TO   M33 
T«LOAOEo   NOOES 

LOADS    (CNLDI 
• NS/2 

(NLOD)   AND 

LD.-1000, 

0   If   

C(U )*CLLD 

(ll«CLLD 
I 

TO   22 

♦ NSS 

TO   26 

• «.   NQtRtNUJUfl   Tft^i* 

•I'liNE) 



59 

1^0» NAY«lw,T*l )»<N2M) 
>7|i     C «CNCKATC BOUNDARY NOOCS (NwSD) AND MACN|TUDES 
»^2.     C Of S^ECiriCO OISPLACCMtNTS (SPD) 
173t If (NNO^ «KQ« n«0 TO 30 
t^1»» MO»(NT»| )»(NZ*n 
Ifi» 00 I* lnliHD 
174, NNSDID«! 
HI* 24 Iftlfallfffl 
179, HI*«N*«(NZ*l ) 
lT»t Mr«NO*NK 
1*0* NOftaMQ-NT 
Hit MJtt.JjlUtf   
lift NNSO(HD«I)«NOR«NT*| 
1«3I NOR»NIIS0(HD*n 
litt NNSD(Mr*n«N0R*NS 
|i|« SROIMO^nDfJOOt 
114t        27 SFO(Mr*- , j ),200, 

»•7l NfPO-H/tN« 
ItSt 00 24 I«t.NSPD 
li*i SfO(I,2)-Q, 
l*Ot        24 SRO(I i3)«2a0t 
lf»t IP (NaOT «COt i tOKt NDIN .EQ. 2)40 TO 41 
l*2t 00 41 JfltiNSI»0 
»♦3l I«NWSP(J) 
l*t| Jl»{I-l)/NAY 
Ittl J2«NAY»jUt 
l»*t JJ»(I«J2)/(NT»|) 
lf't If   (J-   ,KQi   OUPOtJ.JltOt 
194t 4|    CONTINUE 
J'Tj     , PO   «3   1.1 ,NTNN _   
200t Jl»(I«lI/NAY 
201* J2«NAY«j)*| 
202« J3*(I-J2)/(NT*t) 
203. J<t«loJ2«J3«(NT*n 
20<»« If   (J3   »NEt   0)40   TO   43 
Wll ir   (JM   itüi   0   ,0R|   M   ,EQ,   Hfl—  »• •!  
20*. If   (Ji    .EQ.   0)40   TO   43 
207. NSrO«NSPDM 
204. N«SO(NSrD)*| 
20ft SPO(NSP0li)»2OO« 
210. SPO(NSP0i2)«20Ot 
211. SPD<N5P0,3).0t 
212. 43   CONTINUE 
213. 40 TO 44 
21**.        30 NSPD«NE 
2llt 00 32 Jm\ .NSPD 
214« NW90(J)>NL0D(J) 

_ 2l7t SPO(J,!)«200t 
I|¥i SPDlJ,2)-0, 
219«        32 SrO(u,3)«200« 
220. IP (N60T «EQ. I «OP« NOIH teOt 2)60 TO 3** 
221« Op 42 J^l.NSPD 
2?2. I«N«S0(J) 
223« JI«(I«1)/NAY 
22M« J2«NAY»j|*l 
221« J3«( l*J2)/(NT4n 

I     224« IP (J3 «EQ« 0)SP0(J.3)a0« 

Mi 
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60 

227. 
2211. 
22». 
230. 
231. 
232. 
233. 
234, 
231. 
23«. 
237. 
23(1. 
23?. 
240. 
2«M, 
2'»2. 
243. 
244. 
245. 
24«. 
247, 
240. 
24f, 
210. 
251. 
2S2. 
213. 
2S4. 
255. 
25«, 
257, 
258. 
25». 
240. 
2*1. 
2«2. 
2«3. 
2«4. 
2«5. 
2««. 
267. 
2«9« 
2«?. 
270. 
271. 
272. 
273. 
274, 
275. 
27«. 
277. 
27«. 
27f, 
280, 
28|. 
212. 
283. 

iCQ. 
.EQ. 

0)60   To   «4 
NSSUO   TO   84 

82   CONTINUE 
DO    84    I-l.NTNN 
vl»(|*|;/N«Y 
J2*NAY«JU| 
J3«« J-J2)/<NT*I} 
J4»i«J2.J3«(NT*l> 
If    (J3   .NF.   0)60   TO   84 
ir    (Ji    ,fg,   NR   «AND.   J4 
If    (^1    .EQ.   NR   .AND.   J4 
NSPD«N8P0*l 
NWSO(NSl»0)»l 
SPO(NSRD.1)*200. 
SPO(NIfo,2)«200. 
SROtNSPO^j^O. 

84 CONTINUE 
85 NSI«NSPD«1 

00   2»    I-l.NSl 
NNI*NNS0(I) 

00 27   Jall.NSRO 
NWJ«NlfS0(J) 
If   (NOCR(NNJ)    .6T.   NOER(NN|))«0   TO   2» 
T|«ll»tO|tl 
fumtuu 
T3»SRD(|I2) 
T4«SR0(I,3) 
NWSO<I)«N|ISO(J) 
SRD(I , | )«SP0(JI1) 
SRO(I,2)»SRB(J,2) 
SPO(I |J)*SP0(J|3) 
NWSOiJ)«TI 
MOfJitttTI 
SRO<Ji2»«T3 
SPD<J,3j»T4 
NWlaNWSDCI) 

27 CONTINUE 
3*4 PRINT 20l,tNWS0n),I«|,NSPD) 

C     PORM JTIPPNESS MATRICES Of TYPICAL ELEMENTS 
C STORE IN AUXILIARY UNITS 13,14.15 

IF (NER .EQ. I )60 TO 40 

MINUM«NELEM/NER/3 

IF (NELEM ,6T. MINUM«NER«3)MlNUH«M4NUM*l 
MINAM*M|NUM 
JILL-0 

DO 38 Ia|,NELEM,NER 
JILL«JILL*1 
1 DRUM»<JILL-I»/MINUM*|3 
CALL NQoES(N0IM,I,N00l 
NDI«NOD(|» 
N0F«N00(NB.n 

CALL INTE6(NDIM,I,N0I.NDF,5L) 
"RITE (IDRUM)((8L(Ll,L2),LI-l,NX).L2«l,NX) 
FRINT 400lI,(<SL(LIlL2).LI.|,8),L2«I,i) 

3| CONTINUE 

400 FORMAT {25M0STIFF, MATRIX OF ELEMENT,I 4/«8E11.51) 
C     BUILD UP 6L0BAL STIFFNESS MATRIX AND SOLVE FOR 
C NODAL DISPLACEMENTS 

AND 

■MMi^HMMI MMMU m^mm 
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20H. 
205. 
26«, 
287, 
26«, 
2*9, 
2f0, 
2f|. 
2»2, 
2fJ, 
2fM, 
2»5, 
2«*. 
2f7, 
2f6, 
2»f, 
300, 
301. 
302, 
303. 
30<4, 
30S. 
30«. 
307. 
308. 
30V. 
310. 
311. 
312. 
313» 
31<«( 
315, 
316. 
317. 
316. 
319, 
320. 
321. 
322, 
321. 
32«. 
325. 
32*. 
327. 
326. 
32f. 
330. 
S3|( 

332. 
333. 
33M, 
331. 
33«. 
337. 
336. 
33*. 
HO, 

Hi 

HO   CALL FACTO* 
DO HI I.l.NtLEM 

HI BRCm«l. 
00 80 MI-I.NCYC 
REWIND 12 
MX»0 
RRINT 202,MI 
CRL^O, 
M1NUM«NTNN 
DO •♦3 l.l.NtLEM 
If    (BftCM) .LE. 0.)G0 TO 
CALL NODFS(NOIM,I,N00> 
NOI*NOO(1) 
NOfaNODCNB-l' 
CALL COO(»DJ(NDI ,RDI ,TTI .ZZI) 
CALl CO0RO3(NDr,Ror.TTF.ZZf) 
RO»,5«(nor*Ä0i» 
R5»,5«(l»Dr»R0I ) 
ZS».5»(2Zr-ZZI) 
IF   (TTf   ,LT.   TT1)TTFP4.283I6S307 
T0».5»(TTr*TTI) 
T5«.S»(TTF«TTI) 
CALL   STHtSSn ,NOD,SIRS) 
CALL   P5TRES(ND1M,LRM,STRS,P) 
IF    «LRM   ,NE.    n«0   TO   31 
A1«ALFUT0 
CRT{l,l).C52»SIN(Al) 
CRT(2,l)iiBcS2»C0S(A|) 
CRT(| l2)»CS3tC0S(Al I*SN3*SN2»SIN(A 1 ) 
CRT(2,2i«CS3»J|N(AJ >-5N3»5N2»C08U11 
(F    (NOlM   .CQ.   2)G0   TO   |1 
CRT(1I3)»C53»SN2*SIN(A1)»SNS-COS(A IJ 
CRT(2|3)«.C83«SN2»C0S(A1 )-SN3»SIN(An 

11 00   23    I A»i .NDIM.NID* 
00   23   IB«1|N0IM 
DUM»0. 
00   21   Ka^NDtM 

21   DUM.0UM»CR(K,|A)»CRT(K,|BJ 
CSNdAtfBl^OUMcDUH 

23   CONTINUE 

R0LI»CSN(N0IH,n»C2«C2»CSN(NDIH,2)«Cl«Cl 
R0L2»CSN(l,l)»C2«C2«CSNn.2MCl»Cl 
IF    (NOlM   .CQ«   2IS0   TO   12 

F0LI»P0L1«C3»C3*CSN<K0IM,3)»FAL»PAL 
F0L2«P0L2»C3»C3*CSN(|,3)»PAL»FAL 

12 ROM »3)fPAL0/SQRT(P0L2) 
R0(I,1 »•FALO/SORT(rOLI) 
CCCT»RO(I,n«TCRT 
CCCSBSCRT»(PO|I,3)»PD(I 
dO   TO   33 

31   CCCT-PCMI.SltTCRT 
rcCSB2,«PD(l,3»«SCRT 

33   RT|».R|||/PD(I,3) 
RT2.R(NDIH)/CCCT 
RT3«(RJN0|M)«R(1»)/CCCS 
MCIimilMtl*T|9tft|tT|i 
IF   (§RC(II   ,aT.   CRLFJCRLF.BRCd» 

1)1 
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3M. 

im, 

st«. 

3M8. 
Stf. 
SSO. 
SSI. 
SS2. 
SS3. 
SS«, 
SBS. 
SS6, 
SS7. 
SS8f 
sst. 
3*0. 
361. 
3*2. 
3*3, 
36H. 
SA5. 
3*6. 
S*7. 
S48. 
349, 
370, 
371. 
372. 
373. 
37«, 
37S, 
374, 
377. 
378, 
37», 
310. 
381, 
382, 
383, 
SI«, 
S8S, 
384, 
387, 
388, 
38«, 
JfO, 
!♦!• 
3f2. 
3»3, 
3»n 
39S, 
394, 
397. 

CLIMENTS TH*.  'AILCD, LA(t) 

O.JGO TO 
tLTf IU« 

H« 
TRNJ)60 

)*1 

Hi   CONTINUE 
OETfRMlNE 
I 1-0 
00 HH    I-l,NELtM 
IF iniCil)    .LE. 

Il«|!♦! 
LA( I 1 )-i 
BKC( I )«.l. 

HM CONTINUE 
CRITICAL LOAD 
C«L«1000./C*LF 
^ÄINT |99ICRL 
N1»NTNN.N0ER(NS' 
N2«NTNN«N0EI»(NST2)«1 
Nl«NTNN»NeE'»<MSTl )♦( 
M2»NTNN.N0EH(M5T2)*1 
TeMP»(RC(2l-RCnM«CRLF 
ST»N»(0( 1 .\2f»D(l ,N| M/TEMF 
8TP»M»(D(1 ,M2)»0(1,M1 ) )/TEMF 
AVE«»S«(ST«N*$THM» 
FRINT 203 
FAINT 20«,STUN 
FRINT 205,STRM 
FRINT 204,AVE 
«EWJNO 13 
REWIND i« 
«EWINO IS 
NH(1)«C 
NH(2)«0 
NM(3)«0 
FRINT 207 
NLFtJNE»!)/2 
00 «2 I.1,NLF 
NLCvNLODd) 
NUNPNTNN«N0ER(NL0)*1 
CNLl»CNtO(t)*C(»L/CLLO 
D2I«0l 1 ,NUN)«CRL/1000, 
IF (NE ,EQ, 1)60 TO «S 
J«I*NtF 
If    (J .6T. NEIGO TO «5 
NLAnNtODJJI 
NAN«NTNN«N0ER(NLA)«1 
CNL2»CNLD(J)«CRL/CLL0 
DZ2»0I I ,NANI»CFL/|000, 
^RINT   209,NL0,CNL1,0Z|,NLA.CNL2.I)2.! 
«0   TO   «2 

«♦S FRINT I09,NL0,CN1.|,0Z| 
«♦2 CONTINUE 

FRINT 211 
IF (NDIM ,EQ* 2)FRINT 21« 
IF (NDIM .EO. SIFRINT 212 
«EVISE «NO THEN DEDUCT STIFFNESS 
00 79 I.l.H 
SHEAR FAILURE 
ICODEaS 
UDA«LA(i) 

TO «« 

OF FAJLtO ELEMENTS 

■MMKMBM -- ■- 
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396. 

MOO, 
•♦ou 
•«02, 
«*03. 
••OH, 
•«OS, 
<«06. 
•«07, 
HO«, 
••Of, 
•♦10, 
• 11« 
••12. 
•«n, 
•«in, 
HIS, 
••U, 
••IT, 
••>«, 
lit« 
«to« 
•♦21. 
•♦22. 
••23. 
••!••. 
•♦21. 
••24. 
••27, 
•♦28, 
•tf« 
••30, 
U|i 
••32, 
••33, 
•♦3'*, 
•♦35. 
•♦34, 
•♦37. 
••311, 
••39, 
Kfl« 
•«»It 
••••2, 
••♦•3, 
••••H, 
HHS, 
••••4. 
«•••7, 
••MS, 
••••f , 
••50, 
«•Si, 
•♦»2. 
•♦•3. 
••BH, 

CALL   NOOfS    (NOIM.LDA.NOO) 
N0I«N00(I) 
NDr«N00(N8«l) 
CALL C00RD3(ND1,RD1,TTI,Zzij 
CALL COOR03(NOr,Ror,TTF,Z2f) 
«0«.5»fR0r»R0I) 
>t*«t«(iiDf«i9l) 
2S",SMZZF.2Z1 ) 

J^ «TTf ,^1. TTDTTF-*,283185307 
TO-.S«(TTr*TTl) 
TS«,6«(TTr.TTI) 

CALL STRCS5<L0AIN0D,STR5) 
CALL ',ST»E5(ND1M,1,STRS,PI 
If (L*M «NE. I»50 TO 3S 
^T(2)»F0(Lr)A,l )»TCRT 

GO<?o"i?MPD<UOA,3,*PD<LO*,,,,#SCRT 
35 ^T{2>»P0(LDAi3)«TCRT 

^TI si M011,0« vi)«seiif 
37 MinMii^§Atii 

*Ti*s^l|l/f»0lt0Al)| 
«T2«P(N0IM)/PT(2J 
RT3.,5«(P(NDiMj,pnn/pT(3j 

IF (RTI .«T, RT2U0 TO •♦4 
TENSILE FAILURE 
ir    (RT2 ,8T. «T3)IC00E»2 
60 TO *7 
COMFRESSIVE FAILURE 
1^   <«T1    ,«T.   RT3MC00E»! 

^RINT   2l3,LDAlVV(IC0DE),llfWnC0DEJ.(STf»SILll 
n'an.Li.i.NDiMi.FTncoDE) s     an* 
If (MI .EQ. NCYC)60 TO 80 
IF (NER ,EQ. 1160 TO 10 
NN«(LOA,J)/NER*J 
NMN.(NN.|)/MINAM«| 

IPRUM»NMN*12 

NAM-NN.{NMN-l)«MlNAM.NM(NMN» 
IF (NAM ,co. 0>C0 TO 52 
00 «48 IR.|,NAM 

•EAO      <IDRUMM(SL(UI,L2),L1 
••8   CONTINUE 

NM(NMN)BNN.«NMN«IJiMJNAM 
«0   TO   62 

50   CALL    INTEaiNOIH.LDA.NOI.NoF.SL» 
52   IT    (ICOOE   ,NE,   2»60   TO   40 

H6 
H7 

LiVliNY) 

I»»?       .L2-t,NX) 

(NTEF   ,EQ.   DGO   TO   40 
1 

.EQ.    1)60   TO   S4 

IF 
NNi 
ir  (iso 
iso«i 
El«PO(LOA,n 
E2«EI 
If    (NOIM   ,EQ,   2)E2«0, 
E3«0. 

^1-^0(L0A,2) 
^2»F1 
^3»Fl 
«l»El/2,/(i,»P|) 

mam ,ii*""' -  ■ -■    ■ 
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««SS. 
«♦Si. 
«»S7, 
««is, 

«40« 
«ui. 

««A3. 
HAH. 
«44S. 
<«*6, 
•«*?. 
<«4A. 
Hit. 
«♦70. 
«♦71. 
««▼2. 
«rj« 
«'.7'«, 
•»ft« 
«♦7*. 
«♦77, 
•♦78. 
««7f. 
«♦•0. 
«•|« 
«♦92. 
«♦•3. 
««8H, 
«♦8S. 
«♦«6. 
•««7, 
H88. 
•«8f, 
««♦Oi 
Ml. 
«♦»2. 
«♦»3. 
•♦♦•«, 
•♦♦». 
m. 
•«f7, 
•♦•8. 
«♦ff. 
loo. 
101. 
»02. 
»03. 
50M. 
tOI, 
»0«. 
«07, 
108, 
BOf. 
»10, 
«11. 

56 

se 

C2«b< 
I1M1 
GO   TO   »8 
rOR   0ÄI6INALLT 
CONTIN'Jf 

ANlSOTROPIc DISCS 

CALL INTC6(N0IM,L0A,N0I,NOF,SLD) 
00 »9 LI«1»NI 
00 5» L2-lfNX 

5» SLOdl.L?) .5UDai,L2)-SLai,L2) 
60 TO 62 

60 00 6| ll«i,NX 
00 6t L2-J,NX 

61 SLO(L| ,L2)»-P0SM»SL(LIiL2) 
62 00   77   Ll«l,NB 

LILaNODai ) 
LX«NOrR(LILJ"MX 
HX»NOCR(HL) 
IF    (HX    ,UT.    MlNÜM)M|NUM«iHX 
IF    (LX   ,LE.   0)Su   TO   65 
IF    (LX    .CO.    I)G0   TO   68 
LX-LX-1 
00   6««    IA-1 ,LX 

READ      «lJ.INN3,((S(KlJ),K.i,N0|M),j«|tNN3) 
6M   CONTINUE 

SO   TO   68 
65 NXX«1»LX 

DO   66    lA-l.NXX 
»ACKSPACC    12 

66 CONTINUE 
68 READ      <I2»NN3,((S(K,JJ,K»J,N0IHJ,j»i,NN3) 

SACKSPACE   12 
!0UM«(L1»1 )«NDIM 
00 6»    IA*1,ND|M 
1 IA«IA«|OUH 
00   6»   IB»l,NDIM 
IIB«IB*|0UM 

69 SllA,IBmS(lA,IB)*SLO(lIA,IIB) 
If    (MX    ,EQt    NTNNXJO   TO   76 
NN»NNJ/NOIM*l 
00   7»   L2»1INB 
LAL«N0D(L2) 
JX-NOCRJLAL) 
IF    (JX «LE« MXISO TO 7B 
N»C«NBRC(MX)-1 
00 71 L3«l ,NN 
LL3«L3 

If (L0C(NBC*L3) 
71 CONTINUE 
72 I0CM»LL3«ND1M 

I0AM»(L2«1»«NDIM 
DO 73 IA«1,NDIH 
IIABIA^IDUM 
DO 73 18-1,NDIH 
IJA«tB*IDEM 
IIB«IB*IDAM 

73 S{IA,|JA>.S(|A,IJAI*SL0(IIA,IIB| 

tEO, JXIQO TO 72 

mm -" ■ -'■ ■ - ^  —  
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65 

M2, 
»13. 
SM. 
»IS. 
su. 
S17. 
Sin, 

Slf. 
S20, 

S2|. 
S?2, 
•as« 
S2<4. 
S2S, 
S26. 
127. 
52«. 
S29. 
S30. 
S3,, 

S32. 
S93. 
53*. 
S3S. 
S36. 
S37. 
B3A, 
539, 
SHO. 
5M. 
SM2. 
S^S. 
5«<i4. 
SMS. 
5M4, 
SM7. 

IM« 
SMf. 
550. 
551. 

SS2. 
553, 
SS«. 

sis, 
SB«, 
5S7. 
559, 
5S». 
SAO, 
56J. 
5«2. 
5*."«. 
56H. 
SAB. 
S4A. 
5A7. 
SAS, 

75 
74 

77 

7f 

80 
100 
102 
I0<t 
104 
Iff 
200 

CONTINUE 

JoI?INii^,NN3,<,S,K,J,JK",•ND,M,•J■1•NN3, 
ItOvLffM 
CONTINUE 
CALL rCTOR 
CONTINUE 
rORMAT (?15) 

(8f10.0) 

I«f|0t0»tltl 
(110) 

(17H0CRITICAL   LOAD   •    ,C12,4) 
«f^Of^tRNALLY-LOAOCO   NODES   •-, 

FORMAT 
rORMAT 
rORMAT 
fORMAT 
FORMAT 

l«nHllMl)/(27X,i(I<<;iH,)M 
201 FORMAT   (ISHOSOUNDARY   NOOES 

t/fititieiH,iHiiM 
202 fORMAT (IOHOCYCLE 

il0f|4«lNtl 

N0.,I3,5H 

2\\    FORMAT   (iHO^X.lfHSTRESSES    IN   FAILED 
131HELEMENTS   (DUE 

^3   FORMAT    .I4..X.A4.AT50
i!o0??x•tEB;o^?,, 

212   FORMAT    ,.   ELEMENT      FAIL 
l*    AXuu 
2» 

SHRRC 
FRNCF,      PRNCP2 

2lH   FORMAT {i ELEMENT  FAIL. 

!•    SHRRC      PRNCF1 
300 
301 
302 
303 
304 

(20H1MATERIAL PROPERTIES) 

MODE RADIAL    CIRCUM, 
SHRRZ        SHRCZ   t, 
RRNCP3     ALLO*,») 

MODE RADIAL    CIRCUM. 
PRNCP2     ALLOW,t) 

(?3H 
(22H 
(28H 
(23H 

•1FE12.4) 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
1MH TO 

307 FORMAT (22H 

1MM TO ,F«,2/ 
308 FORMAT (28H 

1MH TO ,2PE10.3) 

30» FORMAT ,,,„     ELASTIC MODUL I/8X . SHE 1 
1«X.5HE2 m    ,1PE12.4/8X,5HE3 . .1PEI2.4) 

310 FORMAT ,20M     POISS^NS RATI.U/8  ^i, 
18X.5HP2 - ,FM.2/8X,5HP3 - ,r;,2,  ' H ' 

.«rc;rT,<,7H     SHEAR M00ULI/8X.BHG1 - 
18X,5H62 .  1PE12.4/8X,5HG3 . ,1PE12.4) 

.ZP^.n ilJ^cur, ALL^, C0MPR• STRCSSE5/8Xl5HCl 
^P |0.3/8X,SHC2 - ,2PE10.3/8X.5HC3 • 

(28H     ALLO*. TEN5L, STRESS 
ALLOW. COMRR.) 
(28H     ALLOW. 
ALLOW. COMpR.) 

(28H0DIMENSI0NS 

312 FORMAT 

30«« FORMAT 
117H OF 

305 FORMAT 
1 17H OF 

313 FORMAT 

ELASTIC MODULUS • ,1PE12.4) 
FOISSONS RATIO - ,F«<,2) 

Jhill!,"^»« STRESS - .2PE10.3) 
ELASTIC MODUl US ■ ,1PE12.4, 

^OISSONS RATIO ■ ,F«».2, 

ALLOW. COMPR, STRESS ■ ,2PE10.3, 

■ ilftlt»*/ 

■ iFM.2/ 

•1PE12.4/ 

•2PE10.3) 
• .FM.2, 

SHEAR. STRESS ■ ,F«».2, 

OF DISC SPECIMEN) 

MMI m^mt^m^^^ 



I 
I 
1 

S69, 
570. 
S71. 
572. 
573. 
»7«4. 
575. 
57A. 
577. 
C7§, 
57f . 
510. 

66 

3m   FOÄMAT    (16H DIAMETER   ■    ,f5»2» 
3i5 ro^MAT  (|7H THICKNESS •  .rs.Z) 
316 FORMAT    (IfHORADIH   COORD I N ATE5/( MX , 1 0 (F* .2 , 1 H . ) ) » 
317 FORMAT    I38M0CIRCUMFERCNTIAL   COOROlNATtS   (DEGREES) 

1/(HX,10(F6,2I1H,))) 
318 FORMAT    ( 1 «♦H0Z-C00RD I NATES/( RX , I 0 ( F«,2 11 H . ) » ) 
l|f   FORMAT    (2RH0T0TAL   NO.   OF   ELEMENTS   •, I««) 
320   FORMAT    (2IH0T0TAU   NO,   OF   NODES   «.I««) 
32*   FORMAT    (l ANlS0TR0FIC»/8X,»ALPHA!   •    ',2Pt\0,i, 

!•   DEaREES»/8Xl»ALFHA2   •   »,2PEI 0.3/8X,•ALRHA3   •   t,2FEl0.3) 
H33   STOP 

END 

END OF COMPILATION! NO  DIAGNOSTICS, 
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1 
67 

1. 
?• 

^. 
A. 
7. 

n. 
«». 

in, 
l ! . 
12. 
1 i. 
M. 
I'.. 
1 6. 

1 ' 
Pi. 
1 ft 
?(). 

-»;', 
? «. 

?r, . 
2/,. 
?7. 
20. 
?9. 
3n. 
11. 
37. 
"n. 

3S. 
1A« 
37. 
3K. 
3V. 
10. 
»1 . 
M?. 
*<3. 

11. 

»S. 

r 

<: 
r 
r 
r 
r 

SIIHWOUT jgr   NlMNnd.SD, TNCA, iNfiO) 

'.KN^PvTrS   MOOKS   CANdfCUO    TQ    NOOt    I    AND    *«ITES    THtl 
IN    AÜKlLlAlW    STORAGE 

roMMn^/7.)rH/L')r(2smn) .•jTfjN,Ni3,Np,MisTY 
rn-iMON/r^NKV/ iMClftOHl ,NWFO(SOO) .NOFRfSOO) 
COHnnM/ j'lFrW/N^.NS.N/.N^tJP, (DIM 
IMMF^SMM   MCONCr/) ,|.S.)( TNr,A.|NGO> 
NT« J^-fj.vilp 
ND«(NT* |  ) • {HZ*1 ) 
M = -l 

hfi     I <*>     I -a 1 , «I T Nl N 
►laM «■ 1 

i|"l I - I |/Mf) 
i2«Nn«j i ♦ i 
.i3a(  I-J>)/fNT*l ) 

'JC^'J     (2) = I-Nr) 
''C'lN     ( I ) »NCON ( 2 ) - I 

IP    (MVoe   .rr).    1    .AMO. 

iJCON     ( 3 ) 3NC0N (21*1 
If     rri^Ofi    .f-ij.     1     .ANT. 

MC^N     ( ^ ) aVQClU I  ) ) -»Nil 
NClw ( s ) »NrnN t'n ♦NO 
MC9N (6 m ♦MO 
«CON lllBHCOIl n*<wo 
'<fCflN     ( 7 | 3NrON( H ) ♦MO 

If     ( I DI M    .FO.    "»J^O    TO 
NC'1N     I 7 ) -rNrOUl I )-NT-l 
■trn-'i r iOl =Nrnf) (2|*Mt«| 
'icn-i (i), arjroN( 3)-NT-| 

I    »CO« 

I    «FQi 

(J2^j3«NS) INCOW( I IsNC 9N f 2 I«NT 

I/NS»MS)MCPN(3)»NCON(2)-NT 

"C'">-K I ? I «NCO'J ( I I » ♦NO 
NCON( I 3 l »N^ON(12)»NO 

'Jf;')! ( 1 M i »rJC0N( A )-NT-l 

'ICOM ( 1 <S ) t;jrON( 9) ♦NO 

►ICON ( i r, ) «NCON (16 1 ♦NO 

NC ON f I 7 I • I «NT • 1 
u;-Tig ( |Ht««|fO«ii 1 ) ♦NT^ i 

flC')''J (19) »NC^N ( 2) *NJ* I 
•i c •) '•/ ( 2 n i « N r o N« 3 ) ♦ N T ♦ i 
•IC0j(2l ) «11(90(101 ♦uo 
•trOM ( ^2 » »NCONC 21 ) ♦NT 

■)CON ( -Tl ) aNCON ( 6 ) ♦NT^ I 
'ICON ( 25 ) aNCON( 1 fl I ♦NO 

NCOO ( 2H ) 3NrON(2'j) ♦Ni» 
J C 0 N ( -! 6 » a I ♦ N T ♦ I 

It'    (.13    .TQ.    0    .OR, 
'.,0    T n    i 

Nt«(Jt/Nf*|l«f 
Nf «N|♦f 
00   2   J.NI .NF 
'' r o w ( j > , n 
"'    (.11    .C(}.   0   .0». 

J3   .FQ.   NZ)    r,o   TO   i 

i'    . F 'i.   MR)   r, o   Tp   H 



uimaM mr^~m*m*mri~~wimi 

I 
68 

S9 

^n 

'S? 
'»i 
AM 
A«, 

AA 
A 7 

AR 

A 9 
70 

71 

7? 

73 

7M 
7c, 

7A 
77 
7n 

7 9 

«n 
»M 
•7 
Hi 

AS 

«7 
fln 
«9 

on 

• 1 

9? 

«»3 
9'4 
9C, 

9A 

97 
9p 

97 

I on 
101 
102 
101 
|0«| 

rn 
7 

G n   TO    I 

CiO    TO    /k 

^   H|«|*Jt/«lll«*l 

HCONIJIsfl 
N C 0 N ( J ♦ 3 J a D 

S   HCOM f i* | 71 «Q 
A   i r   i ^'.vo"   . H;fj.   i > Gn  TO   i I 

I r   ( M   . r Q .   n ) c j   T n 
I r     ( M    t,::i,    NT) 

dO    TO     1| 
7    'ICON    (1)30 

NCOM   (n>«n 
NCOM (7)-') 

•J C o v, (9)3 0 

N C 0 M ( I 6 » » 0 

N C 0 N ( 1 f» ) » (J 

JCON ( i ^ ) »n 

^c OH 12ft t «a 

do   TQ    ii 

'J C T'M J ) 3 n 

•ICON I J*l| I «0 
9    MCON ( J«. 1 7 ) Bfj 

"Is- 1 

II    r4AtCI| }«t4 
IK   (t o i M   . E; o 
^HaNflHC I I ) 
N C 0 rj ( M M + 1 ) • n 

•1M 1 » M M - I 

^0     I ^    ,1» 1 ,^M 1 

IF   (NCOM(J»   me«  n)  r,o  TO  m 
Jl»J* I 

CO     1?    KsJl.MM 
K J3< 

tr    (NCO'xIfK)     .'JF.    0)    GO    TO    11 
1?    'ONTlNOfr 

M1<?C( I ) sj-l 
dO    TO    | q 

13    'ICON ( J ) 3NC0M( < J I 

N C O ^ ( K J ) » 0 
IH    CnrlTIN'jr 

IS   ^MaNHilCl t | 
no   in   j 3 i , vj N 

in   i.^n ( j, n avirirj ( ji 
1A    CONTI Nur 

Wf TIIHM 
Run 

2 )NnR(. ( I ) »8 

rwn oi coMPfi.ATjnN; HO ni 4r,un«;Tic,>. 
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1 ■ 
7- 
1. 
'4. 
', . 
6. 
7. 
n. 

) n. 

1 I . 
I ?. 
i y, 
i«. 
i *>. 
1 A. 

i /, 
1 ^4. 
i •>. 

? I . 
77. 
?3. 
P^. 
2^. 
?*-.. 
?7. 
?P. . 
79. 
3n. 

2M . 
37. 
31. 
3M. 

3r>. 
36. 
37. 
3«. 
39. 
'IP. 
• l . 
M7. 
'13. 
^M. 
«4«.. 
^A. 
M7. 
IP . 
«9. 

M>« 
?.i . 
^7. 
53. 
5«*. 

C 
C 
r 
c 

fUNWOUflKlC   •C<*IID(L$OtlNfA«|l|fOI 

C n M M 0 N / i? IJ T M / L 0 C ( 2 5 (1 fl n ) , »j T N N , N ü , N P , ü i S T Y 
cn'i'»OM/FiiN<Y/MnRC(S'in»,N.RE:njsnO),Nr)F

,<<^nn) 
COMMON/ jNrr«/NM,NS,NZ,NWOf',iniM 
OIMTMSIO I LA ( inO) ,LSrt( INGft , INGO) 
(?F'V1N(1  i I 
PKIMT inn 

Ulf T«CJ 

00 7 1=1,NTNN 
i r ( HURT ( i ) .i. T. i) en TO 7 

IT (NBtCdl  «GF» NOUM) r,0 TO 7 

7 COMTINUF 

%   .JL'iC»Jl.nrT 
J L n C T a 11 
J a J ■» 1 

NRFOI .)) s,)LoC 
NOfWfJUuCtaJ 
MMaNdMC f JLOCI 
«1»IT»;   ( 1 1 .7nti)NN, (Lsn(L .JLOC» ,1 -1 ,NM) 
f)7FTrrj7f-7*NK 

N M e N M 
If     (J    .pO,    NTNN-l)6n    TO    I* 
Df    7 3    I * I .M M 

»'LOCaLSfll I , JL.OC I 
HNaNKK< ( KI.Of I 
;r   (MM   .r,T.   pg(,A»GO   TO   3U 
no    \%    JJB1,MM 
J ^,« J J 

\y   (i ^n ( jj.KLor )   ,t'j.   JLOor.n  TO   IS 

1M   rONT1 nur 

tO     I A     l.l. = JM ,M 1   , 1 

!/■    I ^(Ml L  .Kl.dr )«l.SD(ul ♦! ,|f LOC ) 
Nflllf f Kt Af I «HRRC I KLAf) • I 
MM«NnPC(KLnr) 
"0    I V    jja| %uu 

W    (LSI) ( JJ.JLMC >    .to.   KLOc)f,n   T0    ,9 
DO     |fl    LL.a I  ,MM 

If    (L«.t)(.ij, JLDC)    .F'J.   LIBfLltRtOf IISQ   Tn   19 
in   CONTINuF 

MH»C (K LOT ) tMHKf ( Kl. OC ) ♦ I 
M - M II R C ( K L 0 f ) 
L'3n(M,<L nc )»L,'nt JJ.JLOC J 

19   rANTTNUf 

IF    (NhWC(KLnC>     .<iT.    Mfl)    GO    TO    ?3 
NMrhFif^c f KLOC ) 
JLOrr«K|. oc 

***% 



HWJVI ■■■^■i^ 

I 
70 

^7. 
bn . 
^V. 
<sn, 
^1 . 
»?• 

*■'-. 

<» (^. 
/•v . 
bp . 

7n. 
71 . 
77. 
71. 
7'4. 
7f, . 
7/,. 
77. 
7n. 
in. 
pn . 
«I . 

»3. 

•St 
PA, 
f 7. 
fin, 
«Q. 
9n. 

«»l . 

97. 
9 ». 
<»'♦. 
VS. 

"A. 
97. 

99, 

inn. 
ItJi • 
in?. 
I PT. 
I f)M, 

Hnnc i Jtrtf ) n-fiipc ( ji or ) 
ir   (Ji.orT    ,E"Q.   0)   r,n   TO 

T ty     .i 

7^ 

Gr    Tn   M 
NlirOfNTNN »»l.srx I i Ji.or ) 
I   A 1 al.1"-;) (  I   , J|. oc ) 

rNNaMTfjt) 

f'lvCTa^FT/TnfJ« 1 no. /TNM 
.-■ F w i M n   ii 

'IT AstJTNN- I 
HO    ?'>     |*|  .fjTA 

RFAO   ( i i »290MNtlLAII.i ,L«1 ,NN» 
'JPWC I I ) =-NN 
N N A o N N - | 

HO    ^ A    J •« 1 , N N A 
•   A.lal  A ( ,J » 

I 1 =,I* i 
n n    7 A    K = ,) i , N N 
I. AKal A ( < I 

rf    tNOCMLAKl    ,GT,   NnFK(LAj) )f,0   To    7A 
TFMPaLA(JJ 

LAf JI«i.A(Ki 
I  A (X. ) »TrMp 

I  AJ»LA (   I ) 

?<,  ( O'IT inur 
'•RINr   m;., T ,N^FO( ritfLAftl ,L-1 »NUl 
l»n    2 7    K ■ } ( f|N 
'.AKsL A (>' ) 
NS JaHr, J * I 

i nr ( M'jj ) ai^oF'' ( L M< ) 
N'iJaf'Sj* ! 
L 0 C ( N S J > n t 
r(i'iT! NOT 

■'fMMT    I 0.? ,MTMJ,N(?Fnf MTriN I 
l*K f IiT    \ r\u . oor r 

HHULtl   OF    MOOAL    «FORDFRING»/ 
! '  '^^   WOt           NODAL   CONNECTIONS    (OR.G. 

«RRAV   LFNr,TH    IS   EXCFTOFD     ) 

7 "» 

7C 

t'K I NT     1 04 ,PRC r 
I0O    > PRMAT     ( ♦ 1 

1 • n 'j F *   rj o , 
ini   CO^MAT   (•n- - - 
2 0'!   fllPMAT    M.? r'«) 
i - -   - 
10 

'JO   Tn   11 

' I ST YsllM 
" R I M T     1 ill 
''FTljR^ 

FNO 

NOS. ) • ) 

PM    I nPM AT     ( .1,7 t <4 ) 

07   rtjpMAT    ( t6,SX, lft,«<x,22IS/(2iX,22|q) ) 
ON   rif'MAT    |%2Nfl^eifCCNrA<ie   Of    NON-ZF^O    TFRM< 

'»0   TO   1| 
,r5.2» 

in 

•Tl 

FND    OF    COMPILATION; sjo     r»tA«MOfTtcSt 

«Mi 



I 
71 

1 • 
2* 
J. 
H» 
it 
6. 
7. 
a. 
v. 

10. 
11. 
12. 
13. 
1H, 

15. 
16. 
17. 
18. 
19, 
20. 
21 . 
22. 
23. 
2H, 
2b. 
26. 
27. 
2«. 
29, 
3U. 
31. 
32. 
33. 
3H. 
3S, 
36, 
37, 
!•• 
39, 
HO. 
^l . 
H2. 
H3. 
MM, 
Mb, 
M6, 
M7, 
Mb, 
MV, 
bU, 
bl , 
b2, 
S3, 
bM. 
bb. 

C 
c 
c 
c 
L 

SUbHUUTlNE tLTONÜ ( IÜ | M , 1,LCON) 

GtNLKATtS ELtMENTs CONNECTED TO NODE 1 

CÜMMÜN/JNrER/NR,NS,N2|N*0P,NÜIM 
ülMLNblON LCON(tt» 
NT»NS-NrtOp 
NO« INT*1 )«(NZ*! ) 

NMNfVNI 
IF ItOlM «EU* 2)NG>Nb 
Jl»( 1 -i)/NO 
J2»NU*J '.♦ 1 
J3"(1-J2)/«NT*1 > 
K J"J3 

IF (NäüP .Ew. 1) K3»0 
LCON( 1 )-l-(N0-Nt,)«Jl-K3 
LC0N(2)»LCON(1)-l 

IF «NWUP ,EW, 1 ,ANO. 1 .EQ, ( J2* J3»NS 1) LCON ( 2 )-UCON i 1 ) ♦'•< f 
LCÜN(3)»LC0N<2)-N(, 
LCON(M.»»LCON( 1 l-Nü 
IF (lOIh .Eg. 2)Go TO 3 
LCON(b)«LCON(1 )-NS 
LCuN(6'-LCON(2)-Ns 
LC0N(7)"LC0N<6)-NG 

LC0N(8)>LCON(b)-NG 
IF (J3 .Eg, 0 ,0«, J3 ,E«. NZ) &Ü TO 1 
GO TO 3 

1 Nl«b-J3/NZ»H 
NF"N|*3 
00 2 J>N1,N^ 

2 LCUN(J)>0 
3 IF (Jl .L4, 0 

GO TO 6 
M NI-J-Jl/NR«^ 

'J r * N I * 1 
00 b  J>Ni iMfr 
LCON(J)«0 

b LCOIM<J*H)«O 
6 IF (JWOP ,Ew. 1)Gü TO V 

JM»I • J2-J3» i NTM ) 
IF (JM .EU, 0) (,0 
IF (J N .Eg. N 
GO TO 9 

7 LCON(2)>0 
LC0N(3)>0 
LCcN(6lau 
LCON(7)»0 
GO TO 9 

ü LCONI1)>0 
LCONt H)>U 
LCON(b)>0 
LC0N(8)>0 

9 IF (1D1M ,Eg, 2)Gu TO IQ 

ON, Jl ,t«l, NN) GO TO M 

TO 7 
Gü TO b 

mm 



1 I 
1 
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S6. 

b/. 
b«. 
bV. 
6U. 
61. 
6i, 
6i. 

1U 

Jl■LCONIH| 

LCUNIS )«(.(. ON(b) 
LCUNIS )«J 1 

ji«LCON(J ) 

L(.UN(3)>LC0N(6) 
LCUM 6) aj | 

itlURN 

LNU  Of  cOnPiLATION: NU       Dl A(,NUbT Kb. 

I 

mtm^am 
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l . 
/. 
.>• 
■t. 

b. 

6 . 

/ . 
b . 

V, 

IU« 
1 l • 

1 ?• 
i 3. 

11. 
I b« 
1 6. 

1 /. 
lo. 
1 V. 

2U« 
21 • 
22i 
?J. 
^M. 

2'». 

26. 

?e. 

SU^MOUl|i«(    i^Ootb    1 1 U JM , l iNOO> 

GLf.Li>ATL^    NUDAL    WtiftöiKS   OF iLCNCftl    1 

C(.r:MC'H/j.iF th/NK »NS .N2 |N-»OH ,NlM fl 
ÜH-iLNSlOf»    NUlMä» 
IU e N b 

1 (     iNWttf    . t'v •     1 I    M«Nb-l 
Mb«- ( l^T ♦ 1 ( • ( Ni!* | ) 

IF  HOIK • r% 
i; - (i - i) /NC. 

I / » r< c, • I J ♦ 1 

li»tl"i2l/N^ 
K J» 1 J 

NOl ( I ) » I •• ( M.) - IS o ) • I 1 ♦ K 3 
N 0 LM 2 ) ■ N Ü i) ( l ) 4 j 

If      (M^'OP    ,fw.     I     .A.JO.     I 

NOD f JI •HOC» 121 ♦fell 
NCI   <M)»NÜü(i)*NU 

If     UPlN    •Cbt    2) dU   IU    io 
Not  ( S ) »I.Ou ( 1 ) ♦Nl ^i 

N ^ '   ( / ) ■ (v. U U ( 6 > ♦ N 0 

NOl. lb)»\üL">(b)*NU 
i U   K L i u K N 

• tU.    I / NU »MS I MOtt < 21 «NUl/ ( i )-N' 

LNü   Uf    COMHILATION; NU UI AüDOSTICS, 
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I 
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1 . 
2. 

«« 

6. 
7. 
«. 
9. 

tn. 
I i . 
12. 
IS« 
M. 
IS. 
14« 
17. 
in. 
if. 

SUBROUTINE COORD3( I ,ROC,TTC,ZZC) 

tÜl!!!! RA0IAL,C,RC,JMFrRENTIAI-. AND Z OROINATES To NODF I 

COMMON/jNFER/NR,MS,*Z,N*OP,NO IM 
COMMON/LEYTE/RCOO) i TC ( LO ) , ZC ( 30 ) 
ZZC-O. 
NT"NS-N*OP 
NO«(NT*i )•(NZ* I ) 
Jl"(I-I)/NO 
ROC-RC(jl*I ) 
J2"ND«J1♦! 
J3-« I-J2>/(NT*1 ) 
IF (NOIM .EO. 2)G0 TO l 
ZZC-zr(J3*! ) 
JM-I-J2-J3«(NT*|) 
TTC"TC( J««*! ) 
RETURN 
END 

ENO OE COMPILATION! NO  DIAGNOSTICS. 

■MJ ■mm 
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1 . 

3. 

s. 

SUHROUTINF UN1FRM(A,B,C) 
n»RANUN(R) 
C»A*(B-A »»n 
RETURN 
END 

FNC  OF  COMPILATION: NO  DIAGNOSTICS. 

^-^-nMMMaaa-i- -       
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1 . 

i. • 

3. 
s . 
s. 

I * 
a. 
v. 

1U. 

11. 

\i» 

1J. 
t •*. 
la. 
lo. 
1 /. 
lb. 
IV. 
2u« 
21 . 
ii* 
23. 
2*, 
2!»« 
26. 

27. 
2d. 

29, 

3U. 

31 . 
32. 

33. 
3'4. 

3b. 
36. 

37. 
3U. 
3V. 

4 0. 

Ml . 

13. 

•!•»• 
H6. 

•♦«. 

so. 
'ol . 

b2. 
b3. 

bl. 

bb. 

bÜBKUUllNL     hlKXbilt'lMtfKl.K,TZ,Z,Db) 

^OKhb    THk.    MMKU    B    AND    fHE    MATNIA    PKOOUCT    U«b 

CjM(iUN/SANNA/f,Dt1hr,3),FNCTH(ö),»-NCTT(a),FW(.T<:(b» 
COMKülM/BdANu/'ClöiB) »Hf* »24 I ,H 

CuhfiON/T AN.Al/KAUiKb.TO.TS.ZSiNA.HNB 
CuMhuN/TATAY/lbOiAl,A21A3,Ll,t2,t3,pj,p^,pj, 

1^1 .Oi:,(j3 
C0MnUN/NANAY/TT(3,3jiNft 

ÜIMLNSION Bö(6,2l),FNCT(b),DP(6,0),D(6,6>,T(6,6) 
NA 1»NX-i 
11 1   - 4 •   1    I  1 ,   1   r. _   I    lali.lu 

NA|»NX-J 

Nlf=4«(lDlM-l)»lulM 
It-      IIUlM     .tU«     2)lJu     1U    3 

MiCI(l)«l./KAü 
t-(,(.T(2)«K/KMU 

n<CT(3»«TZ/KA0 
M,CI;II«KNCM3I«K 

MJCI i 5 ) SZ/KAü 

»•NCT(6)sFNCT(b)»K 

M. C 1 ( 7 ) « F N' C T < b ) • T ^ 
F NCI (B >sF NC T 1 / ) «K 

f f-iCTK (2) »1 ,/K5 

FlM(.)Kl*«)»TZ/KS 
MMCTK(6)«^/kS 

F UCIK(Ö)»FNC TK161»1 Z 
»■ MLH ( 3) » | ,/RAU/Tb 

MjC. 11 ( S » »H/HAU/ 1 b 

^NCTlf 71«Z/ftAO/TS 
f NCfl («)»FN(.TT ( 7)»K 

FNC TZ(b)»l ,/ZS 
F NC W (6)»K/Zb 

rMCIil7l«T2/2S 
F NClZ(ä)»F NCTZ( / » »K 
Uü 1  !■! i8 
H( j , i )    »FNCTh ( 1 » 

«(2,1)    »FNCT ( I » 

►JU,!-»«)  «rMCTr|I| 
ti( 3, I ♦lfc)»FNCT Z( I » 

• C «111 I    » F H C T T l 1 » 

ii(s,i*oj   ■fnCTflf I |*Fli(T|l| 
Ulb,») =FhCTZ(l) 

U('J,I*l6»=F^CTK(i, 
d I t , 1 ♦8)    «F i,(.TZ I 1 ) 
«( o, I ♦Ifc *«fNCTT( 1 ) 

IF     ( ISO» 13, 13,6 

13   PfWlMKK ,2 ) 

l>j=.b«PO (KK , 1 ) / ( 1 .«.pK ) 

DH«bJ»2./«1.-2.«PK» 
l> 1 = U M • ( 1 . - p IV ) 

ü2»uri»PK 

"U    2    I"l,2M 
Ü 

h 

1 

"U    2    I"l,2M 
vtt 11»11 «o t »ii (1111 »bj« i m ü , i}«V | j 11 n 
Hb(/,l»«Jl»i, (2,l»*ü2»(H(l,I)»tM3»in 

i>tll.l,I)*L)l«tt(j,l»*L»2»(kMl,l»*tU2il)) 

mm MMM 



W^l mwt 

I 
I 

77 

b6 
J7 

bu 
bv 
6U 
6 I 
6? 
O J 

61 

(S'J 

6b 

0/ 
6b 
6V 

ll 
/ J 

M 
7b 
76 
77 
7o 
7 V 

dU 
öl 

8^ 
yj 
•<i 
«b 
06 
67 
HB 

VU 
VI 
Vi! 

VJ 
VI 
Vb 

V6 
V/ 

98 
VV 

1UU 
101 
102 
1UJ 
»OH 
10b 
106 
107 
lOÜ 
10V 
1 10 
111 
1 w 

i2' 
.3» 

t<b(N,l)«ü3«Li(s,i» 

0 b I 'J , 1 ) s U j • o ( b , i » 
^ tn,it.,l)=üj„nU,i( 

uo 1 .. b 

s 11  I ' A .(.,„,  1 ) v, u T ■) 7 

A = A I - 1 o - ! '_> • 1 Z 

IT( t »|}«C0Sf*2)*>iN(A| 
niA',l)s-C0'j»A2)«CUb(A) 

fTiJtt{■•S1N(A2| 
• Ml»2)»(.üb(AJ)«(.uS<A)*i,lN(!AJ)»blN(A2)«blN(A) 

ni^,.,i-Cu<J(Aj),biN(A)-<>lN(AJ)»blN(A2)«CUStA) 
1 I lJi2»»bjNi(A3>»CuS(A2) 

TTt1 »II«COS IAAI»S1N(A2)«S|NIA|•(i N|A)}»COS 4 AI 
n(<:,J)«-C0blA.n»SlN(A2)»CuS<A)-blN<AJ)»blw(A) 
lMJiJ)-C0S(Ai)»CuS(A2) 

'  ' ' I . I )"T I ( l , 1 ) •1 I ( 1 , I ) 
f t i. *) ■ i : ( i , ^) • T r ( i , 2) 

111 tit'TT«1(il*Tf{t «il 
Ml»*tl«2t«TTC 1 ill«f Til 
I ( » ib»«2.« I t ( 1 , 1 ) »TT ( I 

' ( 1 , 6 ) »,;. . T I ( 1 , 2 i • I r ( 1 
r«2, 1)-1 f «2, 1 )M I (2, 1 ) 
M2,2)»r • 12,2).T T (2,2) 

1 . 2 , J ) ■ f I i 2 , J ) • I I ( 2 , .3 ) 
T(^,1t)-2.»iri2,H.TT(2,^) 
T(2,b)"2.»T)(2,l)«Tl(2,JJ 

n2,6)-2.»Tl(2,2'»1T(2,Jl 
Mi(i>«rTi jtii«ri|j(ti 
Mj,2)»n(3,2)»r 1(3,2) 
T(J,3)»T r (3,j)»j r(j, J) 
T(3,^)»2.»TT(3,1).TT13,^) 

T (J,b)«2.«Tl I 3, 1 )«T1 (3,3) 
n3,6)»2.«TT (3,2l»Tr(3,3) 
T(S,1 IT) ( | , 1 )«T1 (z,i ) 
f(M,2)-TT(i,2).I1(2,2) 
1 (i^)»!! ( i ,3)«1 I (2,3) 

Ms,H)-Tl(i,2MTr(2,l)*TT(i,l).TT(2,2) 
ns,'J)"TT(i,J).rl(2,l)*TT(i,l)»rl(2|3) 
K^,6)«Tr(|,3).TT(2,2)*TT(l,2)»TT(2,3) 
f (b, U-TI ( 1 , 1 )«T f (3, 1 ) 
r ( b , 2 ) » 11 ( i , 2 ) • T r ( 3 , 2 ) 
T(3,J)»TT(|,3)«rT(3,J) 
T(b,H)-Tr(i,2)MT(3,l)*TT(l,I).TT(j,2) 
1lb,'j)-n(i,3^Tr(3,l)»TT(i,l)«Tl(3,3) 
T(b,6)-TT(i,3)«TT(3,2UTT(l,2).TT(3,3) 
T(6,l)»rT(2,l)»Tl(3,l) 
T ( 6 , 2 ) = T I ( ,> , 2 ) • f T ( j , ^ ) 
Ilfc,J)»TI(2,3)«Tl(3,3) 

T(6,M)«Tr(2,2).Tl(3,l)*lT(2,n»TT(3,2) 
'(o.b)-ir(2,3)Ml(3,l)*TT(2,n.TT(3,3) 
r(6,6)«TT(2,3>»iT(3,2)*lT(2,2)»Tl(3,3) 
0UM = L2»L3-t.i«L3»Kl»Kl-L2*t.2«H3»H3 

l-Ll«L2»(2. •)- 1 •H2#P3*P2»P2) 

0(l,l)»Ll.t.*«(L3-H3»P3»t2)/Uüh 
0(ll2)»Ll»t:2*(f,2«Kj»t.2*Pl»t3)/üuM 
'J(l,J)»Ll»t2*LJ«(Pl»H3*H2)/üUM 
u<2,2)»L2»L^ML3-P2»P2»Ll )/ÜÜM 

MHM ■HIM MAH ■   "•• -      - ■-■   • 
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1 13. 
» IM. 
i lb. 
116. 

1 w. 
11 tl. 
1 IV. 
UÜ. 
121 . 
12^. 
12J. 
121. 
12b. 
126. 
12/. 
12b. 
12V. 
1 JU . 
1 Jl . 
i *i» 
I3j. 
1 JS. 
1 Jb. 
1 J6. 
1 J7. 
1 Jt. 
13V. 
1 ML. 
IM . 
IH«;. 
1M3. 
141. 
Hb. 
116. 
1    /. 
lit;. 
iiy. 
Ibü. 
Ibl. 
Ib^:. 
Ib3. 
Ibl. 
15b. 
ib6. 
»b;. 
Ibb. 
IbV. 
1 6U. 
161 . 
16^. 
1 6 J . 
1 61. 
16b. 
1 66. 
167. 
1 6U • 
16V. 

II, 

11 

1 / 

OH 

U i j 

u ( <i 

0 I b 

U i c 

hO 
o ( 1 

i'i ^ 

b(i 
M ( ^ 
U i i 
t> (.\ 

»( j 

tt( J 

l) ( J 

U ( j 

If 
Hf<« 
UUM 

Ug    1 
'>b I 1 , 

I) > j i 
U TO 

f lU 
= A 1 - 

Ml« 
Ml. 

T »2 , 

T t^, 

i 1 , 1 

• 1 i<l 
( 1 . J 

(2, 1 
(/ .2 

I2»J 
( 3 • 1 
( 3 ,i? 
( J,3 

ü L, t'i = L 
U ( 1 , 1 

U ( 1 , 2 

U|2(| 
U (2 , 2 
LM j , J 

L'U 1 H 
U l.     I« 

I'Hl : . J 
Uu    l / 

L>P( 1 , J 

■L 

■ Ü 

•Ü 

SG 
= G 

1 

2»t3*(^l»H2»tl*H3»k.2(/L»üf1 

^•L3»(L<;-Hl.Pl»Ll)/UUM 

< ! ,2) 
I 1 ,3) 

<2, j) 

1 

» I • / Kb 

■ T t / H b 
= I . / t< A :■ 
sR/KALi 
»T//RAU 
B d ( 4.' , J ) • h 
• I •/IKAÜ» T b) 
■n i 2 i / ) »K 

= o(^ , / ) 

■ B12 * 4i I 
•-H(2,1) 
• 1 • / K b - K / K A i) 
c-t5 (2 , J ) 

«Bl J,6> »T/! 
U) b ,8 , V 
KK,2) 

tKK» 1 }*M/( t««l*N*Pf|l 
" 1 iS 

>=L/UM»(tt(l,I)*f->R»b(2.I)) 
) BUOM» ( H ( 2 I 1 ) ♦HK«ti( 1,1») 

)"UUM«.b»( I••RM M MI 2| 1 ) 
b 

•LQ«    1)00    Tu    1Ü 
U-Ib»T 2 
) > b | N ( A ) 

:) ■ c o s i A i 
» « - C U b 1 A ) 

»■blN ( A ) 
= T T ( 1 , 1 ) • i | ( j , I ) 

■TlUt2)«TT(| t21 
■2.» n i i , i ) • r i ( i ,2) 
■Tl (2 , 1 > »T I 12, 1 ) 
«ll(2,2)»Tl(2,2) 

■2.»T T (2, l » .TT (2,2» 
" I ' I 1 , 1 > • U ( 2 , 1 ) 
•TI ( 1 ,2 »»Tl (2,2) 

»TT(|,2)«TT«2,l)*Tr(l,l).Tl(2,2) 
- P 1 • p 1 • L 1 -P I «p1»L1 

■t 1 «£.2/00^ 
■PI»D( 1 , 1 ) 
■U< 1 ,^) 

■t.2»t2/ÜUM 
■01 

1 - 1 , 1 L I M 
J«l  ,'iA 
»■Ü. 

HaltlOlM 
'■UH( 1 ,J» »ü( I ,K) »1 (J,K » 

MM «MM I       n — ■«■■■■_-—_ 
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I 
1 

79 

I /U. 

1 /I . 

1 f»9 

17H. 

17b. 

I 76, 

1//. 
1 7b. 
1 /9. 
I«ü. 
1H 1 . 

IB/. 

103. 
lbs . 

i t)b. 

Ib6. 
lb/. 
IH«. 

iÖV. 
1 vu. 
IfU 
1V2. 

2 b 

I e CUf\ 1 1 NOL 

IU • 1 i/1N* I 

1*0 20 I-lu,r.x 
LH' ^u J«l ,NA 

UPIi,j).ü(I,1J.T«j,i) 
"it 22 1 = 1 ,Mj 

I'O 22 J.i ,Nx 

I-' ( 1 , .J) ■ 0 » 
Ub 21 Kml,NX 

^< I ,J)-U( I ,J)*1( 1 ,KMDP«K,J) 
CÜNTINUt 
l'Ü 2J 1.1 ,Nx i 

1 1-lM 

i>c; 2J J» i i ,NX 

l*C 2b |«1 ,NX 
L>Ü 2b J«l ,NY 

bH(1iJlsb. 
Uo <"t K.l ,MX 

2*1 ^bt 1 ,J)«bb( J ,JWÜ( l .Kj.btK.jj 
2b CONl1NUL 
b KLIUKN 

tNU 

21 

2^ 

2J 

tND Of CüMPILATIUN; NO 01ACMOSTICS. 

—   
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I . 
?• 
I« 
H • 
c.. 
4. 
7. 
n. 
9. 

in. 
1 I . 
i?. 
I "u 
14« 
IS. 
I A. 

1 7. 

1 a. 
I 9. 
to« 
2\ , 
?7. 
2^, 
2^. 
2S. 
?A. 
27. 
2fl. 
29. 
Jn. 
SI« 
32. 
13« 
m« 

•<7. 

.1«. 

I«. 
in« 

•♦2. 
•*•». 
M« 

«4« 
M7. 
<•« 
'•9. 

10« 
si. 
S2. 

C 
r 
c 
c 

lUOtOUTlHC     INTrGCiniM.KK.NrM.NRF.SL) 

mrvM'-, STIFFNESS MATRIX OF FLCMFNTS 

O.'MFISinN    r.l  (2M,2H,,Bp^,2M)tAM2) (2 

fOMynN/T«NAl/f<Af..RS|Tn.TS,ZS,NXlHNB 
C0MM0N/Pl)TH/L0r(2Snün),NTNN,NB.NP,MlNUM 
CONHOM/MA»IO/C(t»aittf4   24) ,H 
n*TA    AA/.577 3S()269.n962Ä,-.5773S0269lfl9fc2A/ 
CALL COORDltNOl,«i.n,zi) 
CALL   COnF'OKNDF ,R? ,T2,72) 
PS«.S» <R7-« 1 i PS«.5»(R7-RI ) 
R0»,5»(W7*RI ) 

IF    (T2    ,LT.    T i )T2./,,2831853072 
TS=.S«(T2-T 1 ) 
Tn».S«(T7*T 1 I 
7S».SM77_7| ) 

IF    ( I DIM    .FC.    ?)7Sa ) , 
MC K■101H*| 
N P I ■ f j P - 1 
DO   7    I « | , tj P 

15 0    2    J » I , M P 
SL(I i J)»n. 
DO    7    I«| ,2 
R e A A ( I I 
RAr^RlUPS»R 
niifii rRAr)»Ps«T'i«zs 
no  A  J«i,2 
T»AA(J) 
^0    S    K«l,NCX 
Z « A A ( K ) 
fAl L    MTPXP( IDIM,K|r,R,T,Z|RH, 
00    •*    NRs 1 ,NP 
no   M   NC«HR,NP 
o u M ? ■ o. 
DO    1    H»\,Nx 

DUM2«DUM24.r.(H.MR) «rnrN.Nc) 

SL (NM,Nc)=SL (flf',MC)*DU.'-!»0UM2 
CONTIMUF 
COtJT INUF 
C n M T I N U F 
no  s   isi ,Np| 
J«I*I 
00    P    K«J,NP 

SUKtl )=SL( I ,K) 
11»-1 
no   n   i,i tMP 
ll«|UI 
I2"(i-i)/iniM*i 
DO    10   J a I , rg p 
OX ( I , JI.O. 
on  9  K'\ ,Nn 
< I '<* I l«NR 

nX(I,J).DX(I,J)*C<K,I2).SL(K! ,J) 

wtm 
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81 

ST. 

A?. 

61 . 
/.?. 

t>1, 

f>H. 

AS. 

66. 

67. 
A«, 

A«». 
7n. 

71. 

7?. 

73. 

7*. 
76. 

77, 

7«. 

DX( I ,J)«()X( I ,JI/MMH 

in CQNTIHUE 
IF (II .FO. N C X 111 ■ • 1 

I I CONT i«igf 

DO 1*1 I » 1 ,»]P 
I 1 = 1 1-I 

t ?■ ( i - 1i/;n tn*i 
no 11 j ai,M p 

f t ( J • 11 ■ n • 
n n \ 2  K =. i , fi Fü 

It 1=<* I l»H* 

)7    SL(JiII«SL(J,I)*DX(J,KI)«C(K,I7) 
SL « J. I »»SLtJ,I )/HNB 

\y   COHTI*(UE 
IF (11 ,rQ, NC11 I 1••| 

I •< COMTINUr 
nn is i = i .»in 

j« i ♦ t 

Dfl  1 CJ K B j , N p 

IS SL ( I ,< ) »SL (K- , I ) 
W r T i) w M 

FMf) 

FNO nr COMP ILAT ION: MO l)f AQMOSTlCtt 

■■^MriHB 
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1. 
2. 
3. 
1. 
b. 
6. 
7, 
Ö. 

9, 
10, 
11. 
12. 
13. 
IH, 
la. 
16. 
17. 
IB. 
19. 
20. 
21. 
22. 
23. 
2H. 
2b. 
26. 
27. 
2*. 
2V. 
30. 
31 . 
32. 
33. 
3^. 

1U 
1 I 

13 

lb 

It» 
19 

SU 
CO 
CO 
CO 
CO 
CO 
CO 
01 
£V 
11 
00 
NO 
MT 
00 
11 
OS 
CO 
u 
00 
A { 
JJ 
11 
00 
A! 
IF 
CO 
CA 
00 
ST 
00 
ST 
ST 
RE 
EN 

81< 0 U T I 

MMON/N 

MMON/T 
«MON/J 

MMOM/A 

MMON/F 
MMON/B 
MtNSIO 
ALUAIE 
■ 0 

11 J 
D"Nüü( 

T»NTNN 
10   Km 

■ 1 Ul 
P( 11 )- 
NT 1NUE 
--1 

lb   ja 
J)"0. 
•(J-l ) 
■ 1 Ul 

13   Ra 
J»»ACJ 

III   « 
NT1NUE 
LL MTR 

19   J. 
RS(J)> 

18   Km 
RS(J)> 
RS(J)> 

TORN 

0 

END OF COMPILATION; 

1 tNB 

"NOER(NDO)M 
1 iIDlM 

0(K,MTT) 

1 .NX 

/I0|M*1 

1 tNB 
' ♦C (Jj ,K).üSP( 1 l*Hb*K) 
Eq. (IOIM.;))i|a«| 

*B(IOIM.KK.Q.,0.,0..88) 
»iNV 
0. 
> .NX 
bTRS( J)*BBl J»K)«A(<,) 
bTRSl J)/MN8 

NO  OIAQNOSTICS. 

MMBMH fc^—" — 
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1. 
i, 
3. 
H. 
b. 
6. 
?. 
• « 
9. 

1U. 

1 1 . 
12. 
13. 

1^. 
IS. 
16, 
1 ft 
IB. 
\9, 
20. 
21. 
22. 
23. 
2H. 
25. 
26. 
27. 
2ti. 
29, 

30. 
31, 
32. 
33. 
34*, 
li« 
36. 
37. 
39. 
39. 
HO, 
HI» 
H2. 
•O. 
MH. 
Hb. 
H6, 
H7, 
HB, 
H9t 

50, 
SI, 
52. 
S3. 

SS, 

c 
c 
c 
c 

SUBKOuTlNE PSTk£S(|0lM,MMA,8iP) 

COMPUTLS MA&NITUDES AND DIRECTION COSINES 
of   PRINCIPAL STRESSES 

CUMM0N/NANAY/CH(3,3).N* 
DIMENSION B(6J .pi 3) 

IF ( lülM .EQt 2)Ci0 TO 13 
A l-B ( i ) ♦tl(2)*B(3) 
A2«d(j)»a(2)*B(2)»U(3)*B(l)»b(J|- 
lB(«n«a<M'-B(5)»B«5)«B(6)«Bl4) 
A3»B( i ).6(2)«B(3)*2.»B(s)«B(a)tB(&),B(l)»8(6)«b(6) 
l-B(2)«B(5).B(b)-B(3)*B(H)*B(H) 
P(3)«Al/3. 

OM»P(3> 
Ou b |»itl 

FX«P<3)»«A2*P(3)»(P(3)-Al))-A3 
Fpx-A2*p(3)»(3.»P(3»-2,«Ai) 
P(3)"P(3»-FX/FPx 
CONT iNUE 
PRINT 6,ÜM,p(3),Fx 

FORMAT (• FIWST P<3j « »lElO.S,« •• FINAL Pl3) - » 
ERROR 

ISO* »to 
■ • tElO.S» 

TO a 
lElO.b.« •♦ ITER. 

IF ( ABS«»- X) .LI , 
DM"P(3) 
00 7 l»\,H 

FX"P(3)»(A2*P(3)«(PI3»-AU)-A3 
FPx-A2*P«3)»(3.«Pl3>-2.»Al) 
P(3)«P(3»-FX/FPX 
CONTINUE 
PRINT 6,0M,P(3),Fx 
Bl-P(3)-A| 
B2"P(3»«ÖI*A2 

OM-SQRTlbi.Bl-S.'B^;) 
P( 1 1".S»(-BI-ÜM» 
P(2)".b»(-B1*0M) 

dT. P ( 2 MdO To 10 IF (Pl3) 
B2-P(2) 
P<2)»P(3» 
P(3»"B2 
IF (P(2) .&T. P( 1 ) )(,U TO 10 
Bl-PlI) 
PI n"P(2) 

Pl2)-8l 
10 IF (MMA »NE. 1)G0 TO 20 

CR - OlllCCTlON COSINES 
00 12 la*. ,3 

CC-IP( 1 )-B(2nMP| 1 )-b{3) )-8(6)»ö(6) 
BB»IP(I»-a(I))«(P(l)-ß(2M-a<H)«B(i«) 
IF UBSibe» .GT, ABJKCJIGO TQ |1 
AA«(P(l»'B(3>)«ßlM)*Blb)»B(6) 
BB"IP(l)-B(2)>»Bl5)*BlH)»BU) 
CiO TO V 

11 CC«IP( I )-BU) )tBl5»*blS)»BlAl 
AA»IP(1)-B(I1)»BU)*BIH>»B(5) 

^BM Mi 
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56. 

57. 
5U. 
59, 
60, 
61, 
62, 
63, 
6S, 

65, 
66, 
67, 
6b, 
69, 
70, 
71, 
72, 
73, 
7H, 

7b, 
76, 
77. 
78, 
79, 

V 0M»b(3NT(Cc«CC*bB»BÖ*AA»AA) 
CR( 1 , 1 )»CC/DM 
CR(2. I I-AA/OM 
CK(J , 1 ) -bfl/DM 

12 CONTINUE 

)»»2*BI3)«Ö(3J » 13 0M> 

lb 

IS 
20 

üo :ü üO 

SUf<7 ( ^b'lBi I )-B(2) 
f'c 1 )»,b»»B( i »♦ö(2) ),üri 
P<2»».b««8(1»♦0(2))*0M 
IF (MMA »NE, IIGÜ TO 20 
DO 1<4 I>i ,2 
AA»P(I)-B(j) 

IF (AöS(ÖB) ,üT, ABS(AA»)(,0 TO !& 
DM«SGRT«AA»AA*B(3)«B(3») 
CK(2,1)«AA/OM 

CR(1,1)»B<3)/DM 
GO TO 14 

ÜM«SQRT(dB»BB*Bl3)«BC3») 
CK ( 1 , i )aUB/DM 
CR(2i l J«Ö(3)/DM 
CONT I No»- 
RETURN 

END OF COMPILATION; NO  DlAiNOSTlcS, 

M« 
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I. 
2. 
3, 
"*• 

*. 
7. 
fl. 

10. 
11. 
12. 
13. 

M. 
IS. 
16. 
17. 
1A. 
19. 
20. 
21. 
22. 
23. 
2M. 
2B. 
2A. 
27. 
28. 
29, 
30. 
31. 
32. 
33. 
3«4. 
Ill 
36. 
37. 
38. 
39. 
«<0. 
•n . 
»I« 
M3. 
«♦•♦. 
MS. 

«♦7. 
MB. 
«♦9, 
50. 
SI. 
S2, 
S3. 
SM. 
55. 

C 
C 
c 

SUBROUTINE FACTOR 

MATRIX FACTORIZATION 

COMMON/FUNKY/NROW(500) ,NREO(500) ,N0ER(500) 
COMMON/JNFER/NR.NS.NZX.NKIIOP.IOIM 
COMMON/ABALN/0(3I&00) 

COMMON/jANET/NSPD.NIWSDdOO) , SPD (I 00, 3» 
COMMON/BOP»P/NLOD'100),CNLO<I 00),NE,NER 

COMMON/RUTH/U0C(25000),NTNN,NB,NP,MI STY 
DIMENSION A«3,300),iC3,3),c(3,3)tJlTMj|LC0M8)| 

1 N00( fl),NSPT (500) ,5(3,300) ,SL(2'<,2M) 
EQUIVALENCE (0(1,301),5) 
REWIND 15 
REWINO \H 
RF*INO 13 
REWIND 12 
RE*INO 11 
REWIND 10 
JIT(I)-0 
JIT(2) 
JIT(3) 
MIM I »0 

K0«0 
NEE-1 
MEE»1 
NZ«0 
DO 70 
NN»0 
IF ( I 

• n 

|«i ,NTNN 

TO 6 •FO, NTNNIGC 
NN«-NROW( I ) 
NROW( I ).NZ*1 
NSPT( I ).NZ*1 

NZ"NZ*NN*1 
A NN3B INN* I ) • I DI M*1 

00 7 J»l , IDIM 
DO 7 K»l ,NN3 

7 S(J,K)-0, 
J»NREO( I ) 
PRINT 100,1,0 

100 FORMAT (6H0N0ÜE ,IM,MH (ORIG. 
CALL ELTOND ( IDIM.j.LCON) 
•"RINT 101 , (LC0N(1 I ) .M»! iNR» 

101 FORMAT (3MH    ELEMENTS CONNECTED 
00 15 K. l ,NB 

IF (LCON(K) .EQt 0)50 TO 15 
KK«LCON(K ) 

CALL NODES ( IDIM.KK.NOD) 
PRINT I02,KK,(N0D(II),1I-i,NB) 

102 FORMAT (21H    NODES OF ELEMENT 
NDI»NOD( 1 ) 

NDF»NOD(NB-i ) 
IF (NER ,tO. 1)G0 TO 56 

Rt«fRK*|)/NER*l 
IF (KS ,EQ, KD)GO TO 57 

NO. ,I<4,1H) ) 

TO NODE -- ,a(IH,1H,)) 

||<MH »- ,8( IH.lH, ) ) 

MM —*- — 
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SA. 
57, 
S«. 
S", 
An, 
ht . 
67, 
63, 
6<4. 
6S, 
66, 
67, 
60 . 
69. 
7n, 
7| . 
72, 
73, 

7««, 
75, 
76. 
77, 
78, 
79. 
fin. 
ai. 
82. 
83, 
AH, 
85, 
86, 
87, 
88, 
«9, 
9n, 
91 , 

92, 
93, 
9«4, 
95, 
96, 
97. 
98, 
99, 
100. 
101 , 

102. 
103. 
1ÜM. 

105. 
106. 
107. 
10R. 
109. 
110. 

111. 
I 12. 

399 

50 

51 

57 
5<4 

56 
57 

8 
9 

10 

12 

13 
IM 
15 

16 

,JMT 
I0RUM 

NUM«{KS-1)/MISTY*1 

I OKUNaNUM«-11 
JNT«t(«J-(NUM-l )*MISTV-JIT(NUM) 
FORMAT (•0l0HUM»,tI3,»««»JNT«»,l3) 
PRINT 399, IDRUM,JNT 
JlTtNUM)--KS-(NUM-l )»M1STY 

IT «JNT .LEt Q)G0 TO 51 
IT (JNT .EQt 1)G0 TO 5M 
JNT-JNT-I 
DO 50 IA-l , JNT 
REAO  (I0RUMM(SL(Ll,L2)iLl»liNP»,L2»UNn 
CONT1NUF 
60 TO 5M 
JMT» 1-JNT 
00 52 I A»1 
BACKSfACE 
CONTINUE 
READ  <I0RUMM(SL(Ll.L2liLl'»l|NP),L2"liNP> 
KD«tf S 
GO TO 57 

CALL INTEGMOIM.KK ,NOI ,NDF .SL) 
DO 8 M«1 ,NR 
IE (J .EQt N00(M) )G0 TO 9 

CONTINUE 
NDI A«M 

DO 10 KM«l,IDIM 
KN«(NOIA-l)«IDIM*KM 
00 10 LM-1,IDIM 
LN"(N01A-l1•I01M*LM 
S(t(M,LM)-S(KM,LM)*SL(<N,LN) 
IF «NN .EQ. OIGO TO 15 
DO l<l M.l ,NB 
NOOM»NOD(M) 
IF (I .GE. NOERJNODM))G0 TO 1H 
NR*(»NROA ( I )• 1 
00 13 L«1,NN 
NRM-NRA^ | 
IF iLOCfNR«! »NC« NOERJNODM))G0 TQ |3 
DO I 2 KM«1 ,IDIM 
KN»(NDIA-l)•IOIM*KM 
DO 12 MH»l,IDIM 
LN« ( M- I ) • lOIM-f MM 

LM"L»IDIM*MM 
S(<M,LM)-S(KM,LM)*5L(t(N,LN) 
GO TO m 
CONTINUE 
CONTINUE 
CONTINUE 
IF (J tNE. NL00INEEM60 To 16 
S( I ,NN3)»CMLD(NEE) 
NEE-NEE*1 
WRITE (|2)NN3l((S(Ll,L2)iLl*iilOlH).L2>l,NN3) 
IF (MEE .GT. NSPDIGO TO 38 

(J «NE. NWSOIMEF))G0 TO 18 
17 K«l , IDIM 
<SPD(MEF.K) .GE. 100.)G0 TO 17 
26 L»l ,IDIM 

IF 
DO 
IF 
00 

MgHMaMH,.-..-.   
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1 13. 
1 IM. 
1 IS. 
1 u. 
1 17. 
1 1A. 
1 19. 
120. 
121. 
122, 
173. 
12M. 
12S. 
126. 
127. 
1 2n. 
129. 
1 30. 
131. 
132. 
133. 
13M, 
ist« 
1 3*. 
1 37. 
1 38. 
139, 
1M0. 
m. 
1H2. 
IH3. 
1 MM, 
MS. 
1MA. 
1M7. 
1 Mfl, 
M9. 
150. 
ISl . 
152, 
153. 
15H, 
155, 
156. 
157. 
15fl, 
159, 
IAO, 
161 . 
U2, 
163. 
\6H . 
165. 
16A. 
167. 
16R. 
169. 

36 
39 

30 

37 
20 
3fl 

TG 38 

NOER <N*S) IGO 
NOER(N*S))60 

TO 
TO 

28 
30 

160 TO 39 

S(LiNN3)«S(L.NN3)-S(L|K)«SPD(ME:E,K) 
S ( < , L ) ■ rj. 

26 S(L ,K)"0. 
5(K,K)■ i . 

S(< .MN3<«SP0(MFEiK) 
17 CONTINUE 

MEE-MEE*! 
If    «MEE .GT. NSPDlGO 

18 MU-MEE 
NU-1 
NRW1 ■NKlT.V( I ) -1 

DO 28 K.MU.NSPD 
NWSaNWSOCK ) 
00 30 L"NU,NN 
NRÄ-NRWl*l 
IF    (LOC(NRW)  ,GT. 
IT fLOC(NRW)  ..)E» 
MM"l. 
M3»(NRW-NR0W(1)♦!)»10IM 
00 39 IA-l,IDIM 
IF (SP0(K , 1 A >  *GE.  100^ 
DO 3A 1B-1 , IOIM 

S(IPlNN3»«SllB1NN3)-S(IBiM3*IA)»SP0(KlIA) 
lf    (SUBtlB)"!* «GT, ,ü01)S(IB,M3*1A)-0. 

CONTINJE 
CONTINUE 
GO TO 37 

CONT INUE 
GO TO 3 8 
NU"MM*I 

CONTINUE 
IF (MIMi ,EQ. OGO TO 62 
JILL-1 

DO 60 K-l ,I 1 
RtAD  (l0)MNl,((A(Ul,L2»lLliil.I0lM),L2»i,NNn, 
1((R(L1,L2),L1"1.I0IM),L2»1,I0IM)I0ET 
15PT-NSPT(K ) 
IF (LOC( ISPT i     ,NE. IIGO TO 60 
ITFR»(NSPT(K)-NRP||»(K) )*IDIM 
N<;PT{K)«NSF,T(K)*1 

IF (JILL »GT. NSPD1Q0 TO H2 
00 3M Ll-JlLLiNSPD 
N*D»NWSD(L 1 ) 
KEE-L 1 
IF (NOER(NIWD) 
IF (NOER(NWO) 

3M CONTINUE 
35 JILL«KEE*1 

DO m    IA-l,IDIM 
IF (SPO(KEE , I A ) 
00 MO IB-I , IDIM 

If IttNNSlaf I IR,NN3)-SPD|t(EE,IA)«A( IA, ITEK^IB) 
MO A( I A,ITER*IB)»0. 
M I CONT INUE 

GAUSSIAN ELIMINATION 
M7 DO 21 1A-l,IOIM 

«EQ, 
.GT. 

K)GO 
K)60 

TO 
TO 

35 
M2 

GE. 100.)G0 TO Ml 

mmt^^mttmM ——-^ .^— 
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170 
171 
17? 
173 
17«r 
17S 
176 
177 
17A 
179 
1«0 
181 
18? 
1B3 
1 84 
135 
186 
187 
18fl 
1 89 
1 9n 
191 
192, 
193 
1 9M 
195, 
196, 
197 
1 9n 
1 99 
2on. 
201 
202, 
203 
20M 
205 
206, 
207 
208, 
209, 
2in 
21 1 
212 
213 
2 I <4 
215 
216 
217 
218 
219 
220, 
221 
222 
223 
22«4 
225 
226 

19 
21 

2? 

23 
2H 

in 
DO 
c f 
DO 
C ( 
CO 
MM 
00 
00 
0( 
ID 
DO 
D( 

0( 
CO 
CO 
LY 
IF 
NR 
JS 
00 
MS 
L3 
00 
NR 
IF 
MM 

M3 
00 
DO 
IL 
IM 
S( 

GO 
CO 
GO 
JS 
CO 
00 
S( 
DO 
ID 
A ( 
S( 
RA 
MR 

1 < ( 
IF 
BA 
RE 

in 
60 CO 

25 

27 

29 

31 
32 

33 

67 DE 
IF 
B( 
B( 
B( 

I TER* 
21 IR 
A i IB I 
19 ir 
A . IB 1 
T ! NUF 
aNN 1 ■ 
2^ I A 
23 IR 

A. IR) 
1TER* 
22 Ic 
A,!B) 
At IB) 
T INUE 
T INUf 
■ NNÜ/ 
(LYN 
■ MROW 
1 

si L- 
T-ISP 
L» IDI 
2'    M« 
■ N R M 4. 

(LOC ( 
M 
( NRW, 
25 I A 
25 IR 
L3*Ifl 
^3*IH 
A, IM) 
TO 29 
T I NUF 
TO 32 
MM* 1 

T INUE 
33 I A 
A ,NN3 
33 IR 
ITER* 
A. ID) 
A , IB) 
KSPAf 
TE ( ) 
«LI .L 
(K ,c 
KSPAC 
0 ( I 
(LI .L 
T INUE 
■ 5(1, 
( I01M 

il )"S 
i2)»S 
1 f I • • 

I A 
■i , IOIM 
■0, 
•»1 , IOIM 

»C( I A , IB)*A MC, I0)«B< IC.IB) 

I TE» 
■1 , IOIM 
■ I .NNO 

■Ü. 
IB 
■I ,I0IM 
■0(IA,IB)*C(IA,IC)«A(IC,I0) 
-01 I A, IB)/DET 

10IM-1 
•EQ. 0)G0 TO 32 
( I )-l 

I , L Y N 

T*L 
M 

JS,NN 
1 
MSPT) .NE. LOC«NR«))60 TO 27 

NROW( I )♦ I ) • IOIM 
»1,IOIM 
■1 , IOIM 

•5(1 A, IM)-D«IA,IL) 

■I ,10 
»■S( I 
•I , 10 
IR 
■C ( IB 
■S( I A 
E 10 
0 )NN1 

2) ,LI 
0. I 1 
E 10 
0 )NN 1 
2) ,Ll 

IM 

A tNN3)-0( I A ,NN0I 
IM 

, I A)/OET 
, l8)-0(I A,IB) 

.<(A(L1,L2),L1"IIIDIM),L2"1.NN1), 
■1 •IOIM) ,L2"I ,IOIM),OET 
)G0 TO 60 

.<<A(L1,L2),L1-I.ID|M),L2-1,NN1), 
■I .IOIM) ,L2"1 ,IOIM) ,OET 

1 )«S(2.2)-S( 1 .2I«S(I,2) 
.EQ* 3)60 TO 6M 

(2,2) 
(1.1) 
S(I,2) 
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227. 
22fl, 
2?9, 
23n, 
231 . 
23?. 
23 3. 
2 3M. 
23S. 
23A. 
237« 
23«. 
239. 
2«<n. 
2M| . 

2«*?. 

2<<3. 
2HM. 
2'*S. 
2M6, 
2«<7, 
2**fl. 
2H9, 
250, 
251 . 
252, 
253. 
254. 
255. 
25*. 
257. 
25fi. 
259. 
2A0. 
261 . 
262. 
263. 
26<4. 
265. 
266. 
267. 
260. 
269. 
27r). 
271 . 

272. 
273. 
27M, 

276. 
?7A. 
277, 
27ft. 
279. 
280. 
2ftl . 

2fl2. 
283. 

6« 

C 

c 
c 

6S 

I 
I 

I 

B 

P 

I 
n 
p 

I 
R 

I 
N 

N 

I ( 
I 
D 

I 
I 
C 
G 

6« M 

66 

69 
70 

0 TO 

(I.I 
( I .2 
(1,3 

(7 7 
12,3 
(3,3 
rr.s 
(3,2 
(3,1 
(2,1 
r  (i 
Nl aN 

3-10 
PITE 

RITE 
(B(L 

r (M 
0 ht, 
SPT" 

r (L 
ONT! 

0 TO 

1*1* 
FWIN 

ONT I 

6S 
)"S( 
»■«;( 

)-S( 

• »s f 
) "S ( 

(«OE 

(1,3 
) ■?( 

)*B( 
) ■n( 

• EQ 
»•IB 
IM*1 

( I 1 

( 10 
1 .L2 

|M| 

K« 1 

NSPT 

0C( I 

NUE 
70 

1 
0 10 

NUT 

•S(3,3)-S(2,3)«5(2,3) 
•S(2,3)-S( 1 ,2J«5(3,3» 
•S(2,3»-S( 1 i3)«S(2l2) 
•5(3,31-51 1 ,3)«S( I ,3) 
•5< 1 ,3)-S(J ,1 )»S(2,3» 

2,7) 
1 ,3) 
1 .2) 

1.1) 
1,2) 
T 

)«P(1,3)*S«2,3)»B(2,3)*S(3,3)*B(3,3) 
2,3) 

I .3) 
1 ,21 
. NTNNJGO TO 70 
IM*1 

)MN1,((S(L1,L2)IL1*1,10IM),L2"N3»NN3) 
lMM.((5(Ll,L2),Ll«l,iniM),L2«N3,NN3), 
),L1»1,I0IM),L2"1,IDIM),DET 
.E«. 1)G0 TO 69 
. I 
(< ) 
SPT)  .EO, 1*1)G0 TO 68 

RACK-SURSTI TUT ION 

0 
D 
D 

71 0 
76 

7? 
77 

73 
7'* 

75 

0 76 

( t , I 
0 71 

(1.1 
( I . 1 
0 7S 
OOE» 

ACKS 
EAO 

(B (L 
ACKS 
0 77 
( I A , 

0 7? 
( I A , 
( I A , 

RW1 ■ 
N»NN 
0 7H 
J-( J 
RM-N 
RW-N 

0 73 
0 73 

( I A , 
ONTI 

ONTI 
RINT 

! . ! 

I "0. 
J» 1 

)-0( 
)»0( 

I >2 
NTNN 

PACE 
( 10 

1.L2 

PACE 
IA> 

I )>0 

IB« 
I )-0 
I ) mD 

NRn«( 

1 / 10 
J-l 

-I )• 
RäI ♦ 
TNN- 

I A> 

1 )aD 
NUE 

NUE 
300 

,iniM 

t 101 

1,1 ) 
till 
,NTN 

•1*1 
10 

INNl 
),Ll 

10 
1,10 

1,10 

( IA. 
( I A , 

(NOD 
IM 
• NN 

iniM 

J 

LOC « 

1 ,10 
1,10 

( IA. 

M 

♦B<I,J)»S(J,NN3) 
/DET 

N 

.(IA(L1,L?),L1»1,IDIM),L2-1,NN1), 
-1 ,IDIM) ,L2*l ,IDIM) ,DET 

IM 

IM 

I l*B( I A , IB )«A ( IB.NNl ) 
I)/DET 

E)-l 

NRW)♦| 
IM 
IM 

I)-A(IA,JJ*IB)«0(IB,MR») 

MMM mt^ 
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284. 
285. 
286. 
287, 
288. 
289. 

290. 

300 roRMAT (»ONODAL 0 IS^LACEMENTS•» 
00 BS J-I,IDIM 
PRINT 350,(0(J,K),K"NTNN| 1 ,„1J 

85 CONTINUE 
350 FORMAT M2EI 0.5/(1 OX,HE I 0 .5 ) ) 

RETURN 
END 

END or COMPILATION: NO DIAGNOSTICS. 

■MMMMMi ill     ■ MMiaiMiimüfchlii 
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1 . 
2, 

3. 
• i 

•i. 
kt 
7, 
I« 
». 

10. 
I 1. 
12. 
13. 
14« 
IS. 
U. 
17. 
IB. 
19, 
2n. 
21 . 
22. 
21. 
2M. 
25. 
26. 
27. 

2fl. 
29. 

an. 
31. 
32. 
33. 
M, 
3S. 
3«. 
37. 
3fl. 
39. 
"»0« 
«!• 
'♦2. 
•♦3. 
•4«< , 
«<5. 
•U, 
«<7. 
*<«. 
M9. 

10« 
51. 
52. 
53. 
5M. 
55. 

OF GAUSSIAN ELIMINATION IS ROW»,!««) 

SUBROUTINE FCTOR 

COMMON/FUNK V/NRO*(SOO),NREO(500),NOrRJ500) 
COMMON/JNFER/NR.NS.NZ.NÄOP,I DIM 
C0MM0N/RUTH/L0C(25000) ,NTNN,NB,NP,MI STY 
C0MM0N/jANrT/NSP0,NW5D( I 00) , SPD(100,3) 
C0MM0N/ABALN/0(3|ÄOO) 

DIMENSION A(3,3O0),B(3,3),C(3,3),NSPT<5O0),S(3,30O) 
E(3UI VALFNCE (D( I ,301 ) ,5) 
REWIND 10 
REWINj || 
RFW1N0 |2 
MEE-l 
PRINT 100,MISTY 

100 FORMAT (»OSTARIING POINT 
IF (MISTY .FQ, 1)G0 TO 8 
MRX«M ISTY-I 

00 7 I«| ,MRX 

IE <NRF0(I) .EQ. N*SO(hEE))MEE»MEE*| 

READ  n2)NN3,<(S(U,L2),Ll-l,I0lM),L2-l.NN3) 
READ  (in)NNl,((S(LI ,L2).LI9I,IDIM),L2-I ,NN1) , 

l<(B(l. I,L2),Ll"l,IDIM)lL2"l,IDIM),DET 
RE An  (n>NN|,((Aai,L2),Ll-l,IDlM),L2»l.NNl) 
NN-NNl/IDIM 
NSPT(I)>NR0W(I)*NN 
NRW«NROW(|«•! 
DO 5 J«l,NN 
NRW-NRA+ | 

IF (LOC(NRW) .LT, MISTYIGO TO 5 
NSPT( I I.NRW 

NN0«(NRä-NR0M(I))»IDIM*1 
DO H Ll-I,IOIM 
DO H    L2-NN0,NN1 

M S(LI IL2).A(L1,L2) 
BACKSPACE 10 

WRITE <I0)NNl,((S(LI,L2),Ll«I,lDlM),L2-I,NNn t 
inB(U,L2),Ll"l,IOIM),U2-i,ioiM),DET 
IF (I .FO. MRX)G0 TO A 
BACKSPACE 10 
READ  <10)NN1 ,((S(LI,L2),LI»1,I0IM),L2-I ,NNU, 
M<8(L1,L2)ILI-I,IDIM),L2-1,IDIM),0ET 
GO TO 6 

5 CONTINUE 
6 PRINT 101 , I ,NROW( I ) ,NSPT( I ) 

101 FORMAT (• I i 
7 CONTINUE 

RE*IND 10 
fl 00 39 I»MISTY,NTNN 

NSPT ( I )BNRO*( I ) 

READ  <12)NN3,((S|LI,L2).LI-1.I0IM),L2-I,NN3) 
NN-NN3/I0IM-I 
IF (MEE .GT. NSP0)r,0 TO 17 

IF (NREO(I) .NE. NWSD(MEE))GO TQ || 
DO ID K«l , IDIM 

IF (5PD(MEE,K) .GE. 100.)G0 TO 10 
00 9 L»| , IDI« 

|t)t* •• NROW(I) -».is.t «« NSPT(I) -SIS) 

*mmm m^m 
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5A, 
57. 
Sfl. 
59, 
60. 
61 . 
62. 
63. 
6M. 
65. 
66. 

67. 
68. 
69. 
7n. 
71 . 
72. 
n, 
?«♦. 
75. 

76. 
77. 
78, 

79, 
80, 

«1. 
62. 
83. 
»«I« 
85. 
86. 
87. 
88. 
«9. 
90. 
91 . 

92. 
93. 
9««. 

95. 
96, 
97, 
98, 
99. 

jOO. 

101 . 
102. 
103. 
10M. 
105. 
IOA, 
107, 
108. 
109, 

1 10, 

111, 
112. 

10 

1 1 

12 
13 

1 M 

15 
16 
17 

18 
21 

19 
20 

22 

S 
s 
5 
S 
s 
c 
M 

I 
N 

N 
0 

N 
0 

N 

I 
M 
M 

D 
I 

D 
S 

I 
c 
c 
G 
C 

G 
N 

C 

I 

J 

I 

D 
R 

I < 
I 
I 
1 

N 

I 
r 
N 
K 

I 

I 
c 
J 
D 

I 

D 
5 
A 

c 
G 

0 
I 

IL»NN 
<< ,L I 
«L ,K ) 
(*,K ) 
<* ,NN 
ONT IN 

r  (ME 

U»l 
RWt -N 
0 1 6 

W S ■ N « 
0 H 
RW>NR 
1 (LO 
F (LO 

M»L 
3"L» I 
0 13 
F CiP 
0 12 
( IB.N 
r ( >( 
ONT IN 

ONT IN 

0 TO 
ONT IN 

0 TO 
U • M M ♦ 
ONT I N 
F ( I 

ILL-1 
l-I-l 
0 3M 
EAD 
(B(L 1 
SPT-N 
F (LO 
TEB"( 
SPT(K 
F ( JI 
0 1 8 
WD>NW 
EE-Ll 
F (NO 
F (NO 
ONT I N 

ILL"* 
0 20 
F (5P 
0 19 
1 IR,N 

(Uil 
ONT IN 
AUSS I 

0 25 
O-ITE 

3)3S(L.NN3)-S(L,K)*SP0(HEEiK) 
■0. 
•0. 
■ 1. 
3)■5P0(MEE iK ) 
UF 
EM 
E .GT. NSPDIGO TO 17 

Rom i )-i 
K»MEFiNSPO 
SOU ) 
L«NU |NN 

• I ♦L 
C(NRWI .GT. 

C(NRW) .NE* 
NOER(NWS))G0 

NOER(N*S) )60 

TO 

TO 

16 

0|M 

I A> 
0 (K 

i R» 

N3 ) 
in. 
UF 
UF 
15 
UF 
17 
1 
UE 
.FQ 

1 , ID|M 
, I A ) iff« 100.)G0 TO 13 
I ,1DIM 

■ 5(IB.NN3)-S(I8|M3*IA)»SP0(K.U) 
I •t•11 .GT. •001)s f t■•NI«111 «0• 

1)G0 TO 36 

K-l ,1 I 

(10)NN1,((A(L1,L2>.L1«I.10IM).L2-1,NNI). 
.L2)IL1«I.I0IM),U2"1,I01M),0ET 
SPT(K) 

C(1SPT) .NE. I)60 TO iH 
NSPT(K )-NRO«((K) )«1DIM 

) «NSPTdC )♦! 
LL .GT. NSPDIGO TO 22 

L1»J!UL|NSPD 

S0(L1) 

tR( 
ER( 

UE 
EF* 
I A- 
0 (K 
IB» 
M3) 
TFR 
UF 
AN 
1 A- 
R*I 

NAO) .EQ« *)G0    To 21 

N*D) .GT. KJGO TO 22 

1 , IOIM 

EE.IA) .6F. 100.)G0 TO 20 

1 ,IDIM 

• S(IB,NN3)-SPD(tCEE,IA»«A(U,ITER*IB» 
♦IB)»0. 

EL1MINATION 

1 ,IDIM 

A 

■   
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1 13. 
I M. 
I IS. 
I U. 
I 17. 
1 18, 
I 1^. 
120. 
121. 

122. 
123, 
12S, 
125. 
126. 
127. 
128. 
129. 

130. 
131. 

132, 
133. 
13««. 
I Si« 
136. 
137. 
13R. 
139. 
IMO. 
Ml . 
M2. 
1M3. 
IM, 
M5. 
1M6. 
M7. 
MA. 
M9, 
ISO. 
1S1, 
1S2. 
IS3. 
1SH. 
1SS. 
1S6, 
1S7. 
ise. 
1S9. 
160. 
161 . 
162. 
163. 
16<4. 
16S. 
166. 
167. 
168, 
169. 

00 25 IB» I , 10IM 
C(U,IB)»0, 
00 2 3 IC-1 , IOM 

23 C<!*,lBt«C(I*.IB)**(lC,lO)«B(IC,lB> 
25 rONTlNllF 

NN0»NM - I TCft 
DO    27    1A«l , IOIM 
00    27    IB»1 .NNO 
0( I * . IB)>0. 
IO-ITFR+IB 

00    26    !C»1 , IDIM 

26 DllA.IBj-OdAtlRl^CClAtlClaACIC.lO) 
0{ ! A , IBJ-DM A , IBl/OET 

27 C0NT1NUC 
LVMaNNO/IO|M«l 
ir ;LYN .EQ, OIGO TO 32 
NRWf.NROW ! I » - I 
JS"1 
00 31 L-l,LYN 

MSPT» ISPT*|, 
L3"L«IDIM 
00 29 M.JS.NN 
NUN aMR•♦I 
IF (LOC(MSPT) ,NE. L0C(NR«))G0 TO 29 
MM»M 

H3"(NRW-NR0*( I >♦! )M0|M 
00 2« I A-l , IDIM 
00 28 IBM , IOIM 
1L"L3*IR 
IM"M3*IB 

28 5( I A, IM)«S( I A, IM)-D( 1 A, IL) 
GO TO 30 

29 CONTINUE 
SO TO 32 

30 JS»MM*1 

31 CONTINUE 
32 DO 3J I A-l ,IOIM 

S(IA,NN3)-S(IAtNN3)-0(IA|NN0) 
DO 33 IB-1 , IOIM 

ID"1 TER*IB 
ltlA|IO|«CtlttM J/DET 

33 S( I A, IB)>S(I A,IB)-D( IA,IB) 
BACKSPACE 10 
WRITE (in)NNl,((A(LliL2),LI"l,l0lM),L2«l,NNl), 
l((B(Ll,L2),Ll"lilOIM),L2"I,!0!M),OET 
IE (X .EQ. I 1 !G0 TO 3H 
BACKSPACE 10 
READ  < in)NNl |( (A(Lt •L.M iLI'l IIDIM) ,L2«1 «NNU • 
1(<B(LIIL2JIL1"1II0I

M
»IL2"1,I0IM)I0ET 

3H CONTINUE 
36 DET«rJ(l,l»«S(2,2)-S(Jl2)»S(l,2) 

IE «IOIM .EQ. 3)G0 TO 6*4 

• I i tl iMftttl 
B(2,2)-5( l.D 
B( 1 ,2)--S(I ,2) 
GO TO 65 

6*4 B(l,l)-5(2,2)«S(3,3)-S(2i3»«S(2,3) 

MMM n »n i i 
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170. 
»71, 
172. 
173, 
17M, 
175. 
174,, 
177, 
17B, 
179. 
IAO, 
1AI . 
182, 
183. 
1 AM. 

185, 
18«, 
187, 
188, 
189, 
190, 

Ifl« 
192, 
193, 
I 9M, 

195, 
19«, 
197, 
19fl. 
199, 
200, 
201, 
202. 
203, 
20«4, 
205, 
20«, 
207, 
20fl, 
209, 
210. 
211. 
212. 
213. 
21M. 
215. 
21«. 

(1.2)-s(l,3)»S(2,3)-S(l,2)»5«3,3) 
(lf3)«S(l,2)«S(2,3)-S(l,3««S(2,2) 
(2,2)-5(l,l)«S(3,3)«Snt3MSn,3) 
«2,3)-5(ll2)«S(l,3»-S(l,ll«S(2,3> 

i ( 3 , 3 ) ■ 0 F T 

65 
NTNNIGC TO 39 

39 

71 
7« 

R 
I 
fl 
ß» 3,3)»0FT 

DF.T.S( l,3)«B( l,3U5(2,3»»B(2,3)*S(3.3)»P<3, 
B(3,2)»R(2I3I 
B( 3, n-B( i ,3) 
Iff•!}«l(|ttl 
IF (I .FQ. NT 
NN1«NN«IDIM*1 
N3-IDIM+1 

WRITE (11 INNl.« (S(LI,L2),L1«1 ,IDIM),L2-N3,NN3) 
WRITE (10)NNI,«(S(LI,L2),L1*I.IDIMJ ,L2«N3,NN3» , 
l<(B(Ll,l.?),Ll"ltID|M),L2"l,|0IM),0ET 
REWIND 10 
CONTINUE 
«ACK-SURSTI TUT ION 
0 0 7A 1»I,IDIM 
0( I , 1 )-0, 
C/0 7 1 J« | , 10 IM 
0( l , 1 l-0( I , | )*H( I ,J)«S(J,NN3) 
0( I , 1 )«0( I , 1 )/OET 
DO 75 I «2 ,NTNN 
NODF»NTNN-I♦1 
BACKSPACE 10 

READ  <10)NN1,((A(L1,L2),LI-1,IDIM),L2-1,NNI), 

l((R(Ll,|.2),Ll-l,lDIM),L2"l,I0|M)iDET 
BACKSPACE 10 
DO 77 U-l.IDIh 
D( I A , 1 laO. 

I , IOIM DO 72 IM| ttOIM 

72 D<lA,n.D(IA,n*B(IA,IB)»A(IR,NNIJ 
77 D( I A , 1 )-0( IA,I )/DET 

NRW1 «NROWINOOE)-l 
NN-NM /IOIM 

73 
7«* 
75 

NN-NM /IOIM 

DO M J« 1 ,NN 
JJ"(J-l )• IOIM 
NRW.NRÄl*j 
MRW.NTNN-L0C(NRVII)*1 
00 73 I A»l , IOIM 
DO 73 ln«l , 1DIM 
0( I A , I ) aD 
CONTINUE 
CONTINUE 
RETURN 
END 

1 ,IDIM 

(lA.n-AflA.Jj^lBItOdBtMR*) 

END OF COMFILATION: NO  DIAGNOSTICS, 
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APPENDIX   B 

DATA CARDS PREPARATION GUIDE 

The sequential arrangement of the data cards supplied during each 
program run as well as the input items punched on each card are shown in 
Table A.   Regarding the input parameters, the following explanatory notes 
are made: 

Card if 1 

IS0 

NR 

NS 

NZ 

NW0P 

NDIM 

1 in •inih.otropic cases; 0 in nonhomogeneous 
cases; -1 in Isotropie cases. 

Total number of annular surfaces dividing the 
Brazilian test cylinder. 

Total number of sectors the circular face of 
the cylinder or its quadrant is divided into. 

Total number of divisions in the Z-direction; 
0 in 2-aimensional problems. 

1 if whole circular face of cylinder is involved 
in analysis; 0 if only a quadrant is involved in 
inalysis. 

2 in 2-dimensional cases; 3 in 3-dimensional 
cases. 

NCYC 

NER 

Total number of load cycles. 

Least total number of similar and consecutively 
numbered elements in finite element mrsh; 1 in 
nonhomogeneous and anisotropic cases.   This para- 
meter is irserted to avoid having to completely 
t:oat pacb element all over again even if all are the 
same. 

NSS Difference between the numbers of a loaded top 
node and the diametrically opposite bottom node; 
0 if NW(^P is 0 or if finite element mesh is  sym- 
metric about plane of diametral loads. 

mm -- -^-dMuMMMUa I—■! ■ M — 
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Card // 2 

TCRT 

SCRT 

EMI« I:M2 

CSl, CS2 

PRl, PK2 

Card 1 3 

PCteM 

TRN 

DIA 

H 

NTEP 

NG0I 

Ratio of allowable tension to allowable com- 
pression. 

Ratio of allowable shear to allowable com- 
precsion. 

Range of values of elastic moduli. 

Range of values of allowable compressive 
stresses. 

Range of values of Poisson's ratios. 

Factor to be multiplied to the stiffness matrices 
of failed elements to obtain that portion of the 
stiffness matrices to be subtracted from the 
global stiffness matrix. 

Maximum deviation which an element load factor 
can have from the critical load factor for the ele- 
ment to be considered failed. 

Diameter of cylinder. 

Length or thickness of cylinder. 

0 if failure criterion in which the elastic modulus 
across tension cracks is reduced to zero is to be 
applied; 1 if the old failure criterion (described 
in first annual report) is to be applied; always 1 
in anisotropic cases. 

0 if both finite element mesh and material property 
are symmetric about a nodal plane perpendicular 
to the Z-axis; 1 if no symmetry exists.   With this 
parameter, only one-half of the cylinder length or 
thickness need be analyzed if symmetry exists. 

^MriMMaMMM^ 



98 

Card ff 4 

NST1, NST2 Pairs of points between which magnitudes of 
MST1,  MST2 strain, usually the horizontal strain at the 

center point of each end of the cylinder, are 
desired. 

Card | 5a, etc. 

RC(1) -      0 for solid cylinders; inner radius of hollow 
cylinders. 

RC(2)-» RC(NRl)     -      Radial coordinates of annular surfaces. 

Card # 6a, etc. 

TC(I), 1=1, NS1     -      Circumferential coordinates, in degrees, of 
nodal radial planes measured clockwise from 
plane of loads. TC(1) = 0. 

Card // 7Q, etc. 

ZC(I), 1=1, NZ1     -      Z-coordinates of nodal circles using an end 
circle as datum.   ZC(1) = 0. 

Card f 8 

N -      Any 10-digit Integer.   This is the starting point of 
random number generator. 

Card | 9 

ALF1 -      Angle, in degrees, which the line A'B' (see 
Figure 2.4 of semi-annual report) makes with the 
plane of the loads. 

ALF2, ALF3 -      The angles «£ and otß, in degrees, defined in 
Figure 2.4 of semi-annual report. 

These three angles define the directions of 
anisotropy. 

iimmmmammm*m—m*mmmtmmmm^mtm,^mmtmmm 
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Cl, C2,  C3 -      Allowable compressive stresses in the direction 
of axes of anisotropy. 

''1. E2 -       Elastic moduli in the direction of axes of 
anisotropy,  1,2. 

Card i 10 

ns 

PI, P2, P3 

Gl, G2, G3 

Elastic modulus In the direction of axil ol 
anistropy 3. 

Poisson'ü ratios along axes of anisotropy. 

Shear moduli associated with directions of 
anisotropy. 

The entries below the heading F0RMAT in Table   A   are called format 
specifications.   These serve as instructions to the user on how the input data 
are to be punched in the data cards.   In the present program, each item in the 
input list has the format specification of the form Fw.d or Iw in which   w   is 
the number of column spaces on the can   reserved for each item.   Given the 
w's of the entire input list, it is an easy matter to determine the exact columns 
on the card where each input item is to be punched.   Tor example,  in card H 3 
one punches P0SM in columns 1-10, TRN in columns 11-20, DIA in columns 
21-30, H in columns 31-40, NTEP in columns 41-45, and NG0T  in columns 
4 6-50.   Integers (items with I specifications) are punched right-justified with- 
in the spaces allocated to them.   Floating-point numbers (items with F specifi- 
cations) may be punched with or without the decimal point anywhere within 
their allocated spaces.   If punched without a decimal point, the computer will 
read the floating-point number as if there was a decimal point   d   places to the 
left of the right-most digit.   The number before a F or an I is a repetition factor; 
for instance,  (415) = (15,15, 15,15). 

Input data listings are shown in Chapter 2, 

 —-^~- ——  


